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This edition of NFPA 921, Guide for Fire and Explosion Investigations, was prepared by the 
Technical Committee on Fire Investigations and acted on by the National Fire Protection 
Association, Inc., at its November Meeting held November 12-15, 2000, in Orlando, FL. It was 
issued by the Standards Council on January 13, 2001, with an effective date of February 9, 
2001, and supersedes all previous editions. 


This edition of NFPA 921 was approved as an American National Standard on February 9, 
2001. 


Origin and Development of NFPA 921 


NFPA 921, Guide for Fire and Explosion Investigations, was developed by the Technical Com- 
mittee on Fire Investigations to assist in improving the fire investigation process and the qual- 
ity of information on fires resulting from the investigative process. The guide is intended for 
use by both public sector employees who have statutory responsibility for fire investigation 
and private sector persons conducting investigations for insurance companies or litigation 
purposes. The goal of the committee is to provide guidance to investigators that is based on 
accepted scientific principles or scientific research. 


The first edition of the document, issued by NFPA in 1992, focused largely on the deter- 
mination of origin and cause of fires and explosions involving structures. The second edi- 
tion of the document included revised chapters on the collection and handling of physical 
evidence, safety, and explosions. NFPA 907M, Manual for the Determination of Electrical Fire 
Causes, was withdrawn as an individual document and was integrated with revisions into this 
document as a separate chapter. Elements of NFPA 907M that relate to other chapters of 
this document were relocated appropriately. New chapters dealing with the investigation of 
motor vehicle fires, management of major investigations, incendiary fires, and appliances 
were added. 


The third edition of the document included a new chapter on fuel gas systems in buildings 
and the impact of fuel gases on fire and explosion investigations. The chapter on electricity 
and fire was rewritten to improve organization, clarify terminology, and add references. In the 
chapter on fire patterns, several sections were revised. Other revisions were made in the chap- 
ter on physical evidence on the subject of preservation of the fire scene and of physical evi- 
dence. The edition also included new text regarding ignitable liquid detection canine/ 
handler teams. 


The fourth edition of this document includes new chapters on building systems, fire- 
related human behavior, failure analysis and analytical tools, fire and explosion deaths and 
injuries, and wildfire investigations. An updated chapter on motor vehicle fires has been writ- 
ten. The document has been organized to group chapters into subjects that will make the doc- 
ument more usable. 
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NOTICE: An asterisk (*) following the number or letter des- 
ignating a paragraph indicates that explanatory material on 
the paragraph can be found in Appendix A. 

Changes other than editorial are indicated by a vertical rule 
in the margin of the pages on which they appear. These lines 
are included as an aid to the user in identifying changes from 
the previous edition. 

Information on referenced publications can be found in 
Chapter 25 and Appendix C. 


Chapter 1 Administration 


1.1 Scope. This document is designed to assist individuals 
who are charged with the responsibility of investigating and 
analyzing fire and explosion incidents and rendering opin- 
ions as to the origin, cause, responsibility, or prevention of 
such incidents. 


1.2 Purpose. The purpose of this document is to establish 
guidelines and recommendations for the safe and systematic 
investigation or analysis of fire and explosion incidents. Fire 
investigation or analysis and the accurate listing of causes is 
fundamental to the protection of lives and property from the 
threat of hostile fire or explosions. It is through an efficient 
and accurate determination of the cause and responsibility 
that future fire incidents can be avoided. This document has 
been developed as a model for the advancement and practice 
of fire and explosion investigation, fire science, technology, 
and methodology. 

Proper determination of fire origin and cause is also essen- 
tial for the meaningful compilation of fire statistics. Accurate 
statistics form part of the basis of fire prevention codes, stan- 
dards, and training. 

This document is designed to produce a systematic, working 
framework or outline by which effective fire and explosion 
investigation and origin and cause analysis can be accom- 
plished. It contains specific procedures to assist in the investiga- 
tion of fires and explosions. These procedures represent the 
judgment developed from the NFPA consensus process system, 
that if followed can improve the probability of reaching sound 
conclusions. Deviations from these procedures, however, are 
not necessarily wrong or inferior but need to be justified. 

The reader should note that frequently the phrase fire inves- 
tigation is used in this document when the context indicates 
that the relevant text refers to the investigation of both fires 
and explosions. 

As every fire and explosion incident is in some way differ- 
ent and unique from any other, this document is not designed 
to encompass all the necessary components of a complete 
investigation or analysis of any one case. 

Not every portion of this document may be applicable to 
every fire or explosion incident. It is up to investigators 
(depending on their responsibility, as well as the purpose and 
scope of their investigation) to apply the appropriate recom- 
mended procedures in this guide to a particular incident. 

In addition, it is recognized that time and resource limita- 
tions or existing policies may limit the degree to which the rec- 
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ommendations in this document will be applied in a given 
investigation. This document has been developed as a model 
for the advancement and practice of fire and explosion inves- 
tigation, fire science, technology, and methodology. 


1.3. Definitions. 


1.3.1 Accelerant. An agent, often an ignitable liquid, used to 
initiate a fire or increase the rate of growth or spread of fire. 


1.3.2 Accident. An unplanned event that interrupts an activity 
and sometimes causes injury or damage. A chance occurrence 
arising from unknown causes; an unexpected happening due to 
carelessness, ignorance, and the like. 


1.3.3. Ambient. Someone’s or something’s surroundings, espe- 
cially as they pertain to the local environment, for example, 
ambient air and ambient temperature. 


1.3.4 Ampacity. The current, in amperes (A), that a conduc- 
tor can carry continuously under the conditions of use without 
exceeding its temperature rating. 


1.3.5 Ampere. The unit of electric current that is equivalent 
to a flow of one coulomb per second. One coulomb is defined 
as 6.24 x 1018 electrons. 


1.3.6* Approved. Acceptable to the authority having juris- 
diction. 


1.3.7 Arc. A high-temperature luminous electric discharge 
across a gap. 

1.3.8 Arcing through Char. Arcing associated with a matrix of 
charred material (e.g., charred conductor insulation) that acts 
as a semiconductive medium. 


1.3.9 Arrow Pattern. A fire pattern displayed on the cross sec- 
tion of a burned wooden structural member. 


1.3.10* Arson. The crime of maliciously and intentionally, or 
recklessly, starting a fire or causing an explosion. 


1.3.11 Autoignition Temperature. See 1.3.118.2. 


1.3.12 Backdraft. An explosion resulting from the sudden 
introduction of air (i.e., oxygen) into a confined space con- 
taining oxygen-deficient superheated products of incomplete 
combustion. 


1.3.13 Bead. A rounded globule of re-solidified metal at the 
end of the remains of an electrical conductor that was caused 
by arcing and is characterized by a sharp line of demarcation 
between the melted and unmelted conductor surfaces. 

1.3.14 Blast Pressure Front. The expanding leading edge of 
an explosion reaction that separates a major difference in pres- 
sure between normal ambient pressure ahead of the front and 
potentially damaging high pressure at and behind the front. 


1.3.15 BLEVE. Boiling liquid expanding vapor explosion. 


1.3.16 British Thermal Unit (Btu). The quantity of heat 
required to raise the temperature of one pound of water 1°F 
at the pressure of 1 atmosphere and temperature of 60°F. A 
British thermal unit is equal to 1055 joules, 1.055 kilojoules, 
and 252.15 calories. 


1.3.17 Burning Rate. See 1.3.74, Heat Release Rate. 


1.3.18 Calorie. The amount of heat necessary to raise 1 gram 
of water 1°C at 15°C. A calorie is 4.184 joules and there are 
252.15 calories in a British thermal unit (Btu). 


1.3.19 Cause. The circumstances, conditions, or agencies 
that bring together a fuel, ignition source, and oxidizer (such 
as air or oxygen) resulting in a fire or a combustion explosion. 
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1.3.20 Ceiling Layer. A buoyant layer of hot gases and smoke 
produced by a fire in a compartment. 


1.3.21 Char. Carbonaceous material that has been burned 
and has a blackened appearance. 


1.3.22 Char Blisters. Convex segments of carbonized mate- 
rial separated by cracks or crevasses that form on the surface 
of char, forming on materials such as wood as the result of 
pyrolysis or burning. 


1.3.23 Clean Burn. A fire pattern on surfaces where soot has 
been burned away. 


1.3.24* Code. A standard that is an extensive compilation of 
provisions covering broad subject matter or that is suitable for 
adoption into law independently of other codes and standards. 


1.3.25 Combustible. Capable of burning, generally in air under 
normal conditions of ambient temperature and pressure, unless 
otherwise specified. Combustion can occur in cases where an oxi- 
dizer other than the oxygen in air is present (e.g., chlorine, fluo- 
rine, or chemicals containing oxygen in their structure). 


1.3.26* Combustible Gas Indicator. An instrument that sam- 
ples air and indicates whether there are combustible vapors 
present. 


1.3.27 Combustion Products. Heat, gases, solid particulates, 
and liquid aerosols produced by burning. 


1.3.28 Conduction. Heat transfer to another body or within a 
body by direct contact. 


1.3.29 Convection. Heat transfer by circulation within a medium 
such as a gas or a liquid. 
1.3.30 Current. A flow of electric charge. 


1.3.31 Deflagration. A combustion reaction in which the veloc- 
ity of the reaction front through the unreacted fuel medium is 
less than the speed of sound. 


1.3.32 Detection. (1) Sensing the existence of a fire, espe- 
cially by a detector from one or more products of the fire, such 
as smoke, heat, ionized particles, infrared radiation, and the 
like. (2) The act or process of discovering and locating a fire. 


1.3.33 Detonation. A reaction in which the velocity of the 
reaction front through the unreacted fuel medium is equal to 
or greater than the speed of sound. 


1.3.34 Drop Down. The spread of fire by the dropping or fall- 
ing of burning materials. Synonymous with “fall down.” 


1.3.35 Entrainment. The process of air or gases being drawn 
into a fire, plume, or jet. 


1.3.36 Explosion. The sudden conversion of potential 
energy (chemical or mechanical) into kinetic energy with the 
production and release of gases under pressure, or the release 
of gas under pressure. These high-pressure gases then do 
mechanical work such as moving, changing, or shattering 
nearby materials. 


1.3.36.1 High-Order Explosion. A rapid pressure rise or 
high-force explosion characterized by a shattering effect on 
the confining structure or container and long missile dis- 
tances. 


1.3.36.2 Low-Order Explosion. A slow rate of pressure rise or 
low-force explosion characterized by a pushing or dislodging 
effect on the confining structure or container and short mis- 
sile distances. 


1.3.36.3 Seat of Explosion. A craterlike indentation created 
at the point of origin of an explosion. 


1.3.36.4 Seated Explosion. An explosion with a highly local- 
ized point of origin, such as a crater. 


1.3.36.5 Secondary Explosion. Any subsequent explosion 
resulting from an initial explosion. 


1.3.36.6 Smoke Explosion. See 1.3.12, Backdraft. 


1.3.37 Explosive. Any chemical compound, mixture, or device 
that functions by explosion. 


1.3.37.1 High Explosive. A material that is capable of sustain- 
ing a reaction front that moves through the unreacted mate- 
rial at a speed equal to or greater than that of sound in that 
medium [typically 3300 ft/sec (1000 m/sec) ]; a material capa- 
ble of sustaining a detonation. (See also Detonation.) 


1.3.37.2 Low Explosive. An explosive that has a reaction 
velocity of less than 3300 ft/s (1000 m/s). 


1.3.38 Explosive Material. Any material that can act as fuel 
for an explosion. 


1.3.39 Exposed Surface. The side of a structural assembly or 
object that is directly exposed to the fire. 


1.3.40 Extinguish. To cause to cease burning. 


1.3.41 Failure. Distortion, breakage, deterioration, or other 
fault in an item, component, system, assembly, or structure 
that results in unsatisfactory performance of the function for 
which it was designed. 


1.3.42 Failure Analysis. A logical, systematic examination of 
an item, component, assembly, or structure and its place and 
function within a system, conducted in order to identify and 
analyze the probability, causes, and consequences of potential 
and real failures. 


1.3.43 Fall Down. See 1.3.34, Drop Down. 


1.3.44 Finish Rating. The time in minutes, determined under 
specific laboratory conditions, at which the stud or joist in con- 
tact with the exposed protective membrane in a protected com- 
bustible assembly reaches an average temperature rise of 250°F 
(121°C) or an individual temperature rise of 325°F (163°C) as 
measured behind the protective membrane nearest the fire on 
the plane of the wood. 


1.3.45 Fire. A rapid oxidation process with the evolution of 
light and heat in varying intensities. 

1.3.45.1 Flash Fire. A fire that spreads rapidly through a dif- 
fuse fuel, such as dust, gas, or the vapors of an ignitable liquid, 
without the production of damaging pressure. 

1.3.45.2 Ventilation-Controlled Fire. A fire in which the heat 
release rate or growth is controlled by the amount of air avail- 
able to the fire. 

1.3.46 Fire Analysis. The process of determining the origin, 
cause, development, and responsibility as well as the failure 
analysis of a fire or explosion. 

1.3.47 Fire Cause. See 1.3.19, Cause. 

1.3.48* Fire Dynamics. The detailed study of how chemistry, 
fire science, and the engineering disciplines of fluid mechan- 
ics and heat transfer interact to influence fire behavior. 
1.3.49 Fire Investigation. The process of determining the ori- 
gin, cause, and development of a fire or explosion. 


1.3.50 Fire Propagation. See 1.3.53, Fire Spread. 


1.3.51 Fire Scene Reconstruction. The process of recreating 
the physical scene during fire scene analysis through the 
removal of debris and the replacement of contents or struc- 
tural elements in their pre-fire positions. 
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1.3.52* Fire Science. The body of knowledge concerning the 
study of fire and related subjects (such as combustion, flame, 
products of combustion, heat release, heat transfer, fire and 
explosion chemistry, fire and explosion dynamics, thermody- 
namics, kinetics, fluid mechanics, fire safety) and their inter- 
action with people, structures, and the environment. 


1.3.53 Fire Spread. The movement of fire from one place to 
another. 


1.3.54 Flame. The luminous portion of burning gases or 
vapors. 

1.3.54.1 Premixed Flame. A flame for which the fuel and oxi- 
dizer are mixed prior to combustion, as in a laboratory Bunsen 
burner or a gas cooking range; propagation of the flame is 
governed by the interaction between flow rate, transport pro- 
cesses, and chemical reaction. 


1.3.55 Flame Front. The leading edge of burning gases of a 
combustion reaction. 


1.3.56 Flameover. The condition where unburned fuel (pyroly- 
sate) from the originating fire has accumulated in the ceiling 
layer to a sufficient concentration (i.e., at or above the lower 
flammable limit) that it ignites and burns; can occur without 
ignition and prior to the ignition of other fuels separate from the 
origin. 

1.3.57 Flammable. Capable of burning with a flame. 


1.3.58 Flammable Limits. The upper or lower concentration 
limits at a specified temperature and pressure of a flammable 
gas or a vapor of an ignitable liquid and air, expressed as a per- 
centage of fuel by volume that can be ignited. 

1.3.59 Flammable Range. Concentration range of a flamma- 
ble gas or a vapor of a flammable liquid in air that can be 
ignited. 

1.3.60 Flashover. A transition phase in the development of a 
contained fire in which surfaces exposed to thermal radiation 
reach ignition temperature more or less simultaneously and 
fire spreads rapidly throughout the space. 


1.3.61 Forensic. Legal; pertaining to courts of law. 
1.3.62 Fuel. A material that yields heat through combustion. 


1.3.62.1 Target Fuel. A fuel that is subject to ignition by ther- 
mal radiation such as from a flame or a hot gas layer. 


1.3.63 Fuel Gas. Natural gas, manufactured gas, LP-Gas, and 
similar gases commonly used for commercial or residential 
purposes such as heating, cooling, or cooking. 


1.3.64 Fuel Load. The total quantity of combustible contents 
of a building, space, or fire area, including interior finish and 
trim, expressed in heat units or the equivalent weight in wood. 


1.3.65 Fuel-Controlled Fire. A fire in which the heat release 
rate and growth rate are controlled by the characteristics of 
the fuel, such as quantity and geometry, and in which ade- 
quate air for combustion is available. 


1.3.66 Gas. The physical state of a substance that has no 
shape or volume of its own and will expand to take the shape 
and volume of the container or enclosure it occupies. 


1.3.67 Glowing Combustion. Luminous burning of solid 
material without a visible flame. 

1.3.68 Ground Fault. A current that flows outside the normal 
circuit path, such as (a) through the equipment grounding 
conductor, (b) through conductive material other than the 
electrical system ground (metal water or plumbing pipes, 
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etc.), (c) through a person, or (d) through a combination of 
these ground return paths. 


1.3.69* Guide. A document that is advisory or informative in 
nature and that contains only nonmandatory provisions. A 
guide may contain mandatory statements such as when a 
guide can be used, but the document as a whole is not suitable 
for adoption into law. 


1.3.70 Hazard. Any arrangement of materials and heat 
sources that presents the potential for harm, such as personal 
injury or ignition of combustibles. 


1.3.71* Heat. A form of energy characterized by vibration of 
molecules and capable of initiating and supporting chemical 
changes and changes of state. 


1.3.72 Heat Flux. The measure of the rate of heat transfer 
to a surface, expressed in kilowatts/m?, kilojoules/m? - s, or 
Btu /ft? - s. 


1.3.73* Heat of Ignition. The heat energy that brings about 
ignition. 

1.3.74* Heat Release Rate (HRR). The rate at which heat 
energy is generated by burning. 


1.3.75 Ignition. The process of initiating self-sustained com- 
bustion. 


1.3.75.1 Autoignition. Initiation of combustion by heat but 
without a spark or flame. 


1.3.75.2 Self-Ignition. Ignition resulting from self-heating. Syn- 
onymous with spontaneous ignition. 


1.3.75.3 Spontaneous Ignition. Initiation of combustion of a 
material by an internal chemical or biological reaction that 
has produced sufficient heat to ignite the material. 


1.3.76 Ignition Energy. The quantity of heat energy that 
should be absorbed by a substance to ignite and burn. 


1.3.77 Ignition Time. The time between the application of an 
ignition source to a material and the onset of self-sustained 
combustion. 


1.3.78 Isochar. A line on a diagram connecting points of 
equal char depth. 


1.3.79 Joule. The preferred SI unit of heat, energy or work; 
there are 4.184 joules in a calorie, and 1055 joules in a British 
thermal unit (Btu). A watt is a joule/second. (See also 1.3.16, 
British Thermal Unit, and 1.3.18, Calorie.) 


1.3.80 Kilowatt. A measurement of energy release rate. 
1.3.81 Liquid. 


1.3.81.1 Combustible Liquid. A liquid having a flash point at 
or above 100°F (37.8°C). (See also Flammable Liquid.) 


1.3.81.2 Flammable Liquid. A liquid having a flash point 
below 100°F (37.8°C) (tag closed cup) and having a vapor 
pressure not exceeding 40 psia (2068 mm Hg) at 100°F 
(37.8°C). (See also Combustible Liquid.) 


1.3.81.3 Flash Point of a Liquid. The lowest temperature of a 
liquid, as determined by specific laboratory tests, at which the 
liquid gives off vapors at a sufficient rate to support a momen- 
tary flame across its surface. 


1.3.81.4 Ignitable Liquid. Any liquid or the liquid phase of 
any material that is capable of fueling a fire, including a flam- 
mable liquid, combustible liquid, or any other material that 
can be liquefied and burned. 
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1.3.82 Material First Ignited. The fuel that is first set on fire 
by the heat of ignition; to be meaningful, both a type of mate- 
rial and a form of material should be identified. 


1.3.83 Noncombustible Material. A material that, in the form 
in which it is used and under the condition anticipated, will 
not ignite, burn, support combustion, or release flammable 
vapors when subjected to fire or heat. Also called incombustible 
material (not preferred). 


1.3.84 Nonflammable. (1) Not readily capable of burning 
with a flame. (2) Not liable to ignite and burn when exposed 
to flame. Its antonym is flammable. 


1.3.85 Ohm. The unit of electrical resistance (R), which mea- 
sures the resistance between two points of a conductor when a 
constant difference of potential of one volt between these two 
points produces in this conductor a current of one ampere. 


1.3.86 Origin. See 1.3.86.2, Point of Origin, or 1.3.86.1, Area 
of Origin. 


1.3.86.1 Area of Origin. The room or area where a fire 
began. (See also Point of Origin.) 


1.3.86.2 Point of Origin. The exact physical location where a 
heat source and a fuel come in contact with each other and a 
fire begins. 


1.3.87 Overcurrent. Any current in excess of the rated cur- 
rent of equipment or the ampacity of a conductor; it may 
result from an overload (see 1.3.88), short circuit, or ground 
fault. 


1.3.88* Overload. Operation of equipment in excess of nor- 
mal, full-load rating or of a conductor in excess of rated 
ampacity, which, when it persists for a sufficient length of 
time, would cause damage or dangerous overheating. 


1.3.89 Oxygen Deficiency. Insufficiency of oxygen to support 
combustion. (See also Ventilation-Controlled Fire.) 


1.3.90 Piloted Ignition Temperature. See 1.3.118.4, Ignition 
Temperature. 


1.3.91* Plastic. Any of a wide range of natural or synthetic 
organic materials of high molecular weight that can be formed 
by pressure, heat, extrusion, and other methods into desired 
shapes. 

1.3.92 Plume. The column of hot gases, flames, and smoke 
rising above a fire. Also called convection column, thermal 
updraft, or thermal column. 


1.3.93 Preservation. Application or use of measures to pre- 
vent damage, change or alteration, or deterioration. 


1.3.94 Products of Combustion. See 1.3.27, Combustion 
Products. 


1.3.95 Proximate Cause. The cause that directly produces 
the effect without the intervention of any other cause. 


1.3.96 Pyrolysis. The chemical decomposition of a compound 
into one or more other substances by heat alone; pyrolysis often 
precedes combustion. 


1.3.97 Radiant Heat. Heat energy carried by electromagnetic 
waves longer than light waves and shorter than radio waves; 
radiant heat (electromagnetic radiation) increases the sensi- 
ble temperature of any substance capable of absorbing the 
radiation, especially solid and opaque objects. 

1.3.98 Radiation. Heat transfer by way of electromagnetic 
energy. 


1.3.99 Rate of Heat Release. See 1.3.74, Heat Release Rate. 


1.3.100* Recommended Practice. A document that is similar 
in content and structure to a code or standard but that con- 
tains only nonmandatory provisions using the word “should” 
to indicate recommendations in the body of the text. 


1.3.101 Rekindle. A return to flaming combustion after 
apparent but incomplete extinguishment. 


1.3.102 Responsibility. The accountability of a person or other 
entity for the event or sequence of events that caused the fire or 
explosion, spread of the fire, bodily injuries, loss of life, or prop- 
erty damage. 

1.3.103 Risk. (1) The degree of peril; the possible harm that 
might occur. (2) The statistical probability or quantitative esti- 
mate of the frequency or severity of injury or loss. 


1.3.104 Rollover. See 1.3.56, Flameover. 


1.3.105 Scientific Method. The systematic pursuit of knowl- 
edge involving the recognition and formulation of a problem, 
the collection of data through observation and experiment, 
and the formulation and testing of a hypothesis. 


1.3.106 Self-Heating. The result of exothermic reactions, 
occurring spontaneously in some materials under certain con- 
ditions, whereby heat is liberated at a rate sufficient to raise 
the temperature of the material. 


1.3.107 Short Circuit. An abnormal connection of low resis- 
tance between normal circuit conductors where the resistance 
is normally much greater; this is an overcurrent situation but 
it is not an overload. 


1.3.108 Smoke. An airborne particulate product of incom- 
plete combustion suspended in gases, vapors, or solid and liq- 
uid aerosols. 


1.3.109 Smoke Condensate. The condensed residue of sus- 
pended vapors and liquid products of incomplete combustion. 


1.3.110 Smoldering. Combustion without flame, usually with 
incandescence and smoke. 


1.3.111 Soot. Black particles of carbon produced in a flame. 


1.3.112 Spalling. Chipping or pitting of concrete or masonry 
surfaces. 


1.3.113 Spark. A small, incandescent particle. 


1.3.113.1 Electric Spark. A small, incandescent particle cre- 
ated by some arcs. 


1.3.114 Spoliation. Loss, destruction, or material alteration 
of an object or document that is evidence or potential evi- 
dence in a legal proceeding by one who has the responsibility 
for its preservation. 


1.3.115* Spontaneous Heating. Process whereby a material 
increases in temperature without drawing heat from its sur- 
roundings. 


1.3.116* Standard. A document, the main text of which con- 
tains only mandatory provisions using the word “shall” to indi- 
cate requirements and which is in a form generally suitable for 
mandatory reference by another standard or code or for adop- 
tion into law. Nonmandatory provisions shall be located in an 
appendix, footnote, or fine-print note and are not to be con- 
sidered a part of the requirements of a standard. 


1.3.117 Suppression. The sum of all the work done to extin- 
guish a fire from the time of its discovery. 


1.3.118* Temperature. The intensity of sensible heat of a 
body as measured by a thermometer or similar instrument. 
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1.3.118.1* Absolute Temperature. A temperature measured 
in Kelvins (K) or Rankins (R). Absolute zero is the lowest pos- 
sible temperature, with 0 K being equal to —273°C, and 0 R 
equal to —460°F; 273 K corresponds to 0°C, and 460 R corre- 
sponds to 0°F. 


1.3.118.2 Autoignition Temperature. The lowest tempera- 
ture at which a combustible material ignites in air without a 
spark or flame. 


1.3.118.3 Effective Fire Temperatures. Identifiable tempera- 
tures reached in fires that reflect physical effects that can be 
defined by specific temperature ranges. 


1.3.118.4* Ignition Temperature. Minimum temperature a 
substance should attain in order to ignite under specific test 
conditions. 


1.3.118.5 Kindling Temperature. See 1.3.118.4, Ignition Tem- 
perature. 


1.3.118.6 Self-Ignition Temperature. The minimum temper- 
ature at which the self-heating properties of a material lead to 
ignition. 


1.3.119 Thermal Column. See 1.3.92, Plume. 


1.3.120* Thermal Expansion. The proportional increase 
in length, volume, or superficial area of a body with rise in 
temperature. 


1.3.121 Thermal Inertia. The properties of a material that 
characterize its rate of surface temperature rise when exposed 
to heat; related to the product of the material’s thermal con- 
ductivity (k), its density (p), and its heat capacity (c). 


1.3.122 Thermoplastic. Plastic materials that soften and melt 
under exposure to heat and can reach a flowable state. 


1.3.123 Thermoset Plastics. Plastic materials that are hard- 
ened into a permanent shape in the manufacturing process 
and are not commonly subject to softening when heated; typ- 
ically form char in a fire. 


1.3.124 Time Line. Graphic representation of the events in 
the fire incident displayed in chronological order. 


1.3.125 Upper Layer. See 1.3.20, Ceiling Layer. 


1.3.126 Vapor. The gas phase of a substance, particularly of 
those that are normally liquids or solids at ordinary tempera- 
tures. (See also Gas.) 


1.3.126.1 Vapor Density. The ratio of the average molecular 
weight of a given volume of gas or vapor to the average molec- 
ular weight of an equal volume of air at the same temperature 
and pressure. 


1.3.127 Vector. An arrow used in a fire scene drawing to show 
the direction of heat, smoke, or flame flow. 


1.3.128 Vent. An opening for the passage of, or dissipation 
of, fluids, such as gases, fumes, smoke, and the like. 


1.3.129 Ventilation. (1) Circulation of air in any space by nat- 
ural wind or convection or by fans blowing air into or exhaust- 
ing air out of a building. (2) A fire-fighting operation of 
removing smoke and heat from the structure by opening win- 
dows and doors or making holes in the roof. 
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1.3.130 Venting. The escape of smoke and heat through 
openings in a building. 

1.3.131 Volt (V). The unit of electrical pressure (electromo- 
tive force) represented by the symbol “E”; the difference in 
potential required to make a current of one ampere flow 
through a resistance of one ohm. 


1.3.132 Watt (W). The unit of power, or rate of work. It is 
equal to one joule per second, or the rate of work represented 
by a current of one ampere under the potential of one volt. 


1.4* Units of Measure. Metric units of measurement in this 
standard are in accordance with the modernized metric sys- 
tem known as the International System of Units (SI). The unit 
of liter is outside of but recognized by SI and is commonly 
used in international fire protection. 


lin. = 2.54 cm 

1 ft = 0.3048 m 

1 ft? = 0.09290 m? 

1 ft®= 7.481 gal 

1 ft?= 0.02832 m3 

1 USS. gal = 3.785 L 

1 Ib = 0.4536 kg 

1 oz (weight) = 28.35 g 

1 ft/s = 0.3048 m/s 

1 lb/ft? = 16.02 kg/m? 

1 gpm = 0.06308 L/s 

1 atmosphere = pressure exerted by 760 millimeters of mer- 
cury of standard density at 0°C, 14.7 Ib/in.? (101.3 kPa) 

1 Btu/s = 1.055 kW 

1 Btu = 1055J 

1 kW = 0.949 Btu/s 

1 in. w.c. = 248.8 Pa = 0.036 psi 

1 psi = 27.7 in. water column 


Chapter 2 Basic Methodology 


2.1 Nature of Fire Investigations. A fire or explosion investi- 
gation is a complex endeavor involving skill, technology, 
knowledge, and science. The compilation of factual data, as 
well as an analysis of those facts, should be accomplished 
objectively and truthfully. The basic methodology of the fire 
investigation should rely on the use of a systematic approach 
and attention to all relevant details. The use of a systematic 
approach often will uncover new factual data for analysis, 
which may require previous conclusions to be reevaluated. 
With few exceptions, the proper methodology for a fire or 
explosion investigation is to first determine and establish the 
origin(s), then investigate the cause: circumstances, condi- 
tions, or agencies that brought the ignition source, fuel, and 
oxidant together. 


2.2 Systematic Approach. The systematic approach recom- 
mended is that of the scientific method, which is used in the 
physical sciences. This method provides for the organizational 
and analytical process desirable and necessary in a successful 
fire investigation. 


2.3 Relating Fire Investigation to the Scientific Method. The 
scientific method (see Figure 2.3) is a principle of inquiry that 
forms a basis for legitimate scientific and engineering pro- 
cesses, including fire incident investigation. It is applied using 
the following steps. 
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FIGURE 2.3 Use of the scientific method. 


Scientific Method 
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(identify the problem) 


Define the problem 
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Analyze the data 
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Test the hypothesis 
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2.3.1 Recognize the Need. First, one should determine that a 
problem exists. In this case, a fire or explosion has occurred 
and the cause should be determined and listed so that future, 
similar incidents can be prevented. 


2.3.2 Define the Problem. Having determined that a problem 
exists, the investigator or analyst should define in what manner 
the problem can be solved. In this case, a proper origin and cause 
investigation should be conducted. This is done by an examina- 
tion of the scene and by a combination of other data collection 
methods, such as the review of previously conducted investiga- 
tions of the incident, the interviewing of witnesses or other 
knowledgeable persons, and the results of scientific testing. 


2.3.3 Collect Data. Facts about the fire incident are now col- 
lected. This is done by observation, experiment, or other 
direct data-gathering means. This is called empirical data 
because it is based on observation or experience and is capa- 
ble of being verified. 


2.3.4 Analyze the Data (Inductive Reasoning). All of the col- 
lected and observed information is analyzed by inductive rea- 
soning: the process in which the total body of empirical data 
collected is carefully examined in the light of the investigator’s 
knowledge, training, and experience. Subjective or specula- 
tive information cannot be included in the analysis, only facts 
that can be proven clearly by observation or experiment. 


2.3.5 Develop a Hypothesis. Based on the data analysis, the 
investigator should now produce a hypothesis or group of 
hypotheses to explain the origin and cause of the fire or explo- 
sion incident. This hypothesis should be based solely on the 
empirical data that the investigator has collected. 


2.3.6 Test the Hypothesis (Deductive Reasoning). The inves- 
tigator does not have a truly provable hypothesis unless it can 
stand the test of careful and serious challenge. Testing of the 
hypothesis is done by the principle of deductive reasoning, in 


which the investigator compares his or her hypothesis to all 
known facts. This testing of the hypothesis may be either cog- 
nitive or experimental. If the hypothesis cannot withstand an 
examination by deductive reasoning, it should be discarded as 
not provable and a new hypothesis should be tested. This test 
may include the collection of new data or the reanalysis of 
existing data. This process needs to be continued until all fea- 
sible hypotheses have been tested. Otherwise the fire cause 
should be listed as “undetermined.” 


2.3.7 Presumption of Cause. Until data have been collected, 
no specific hypothesis can be reasonably formed or treated. 
All fires, however, should be approached by the investigator 
without presumption. 


2.4 Basic Method of a Fire Investigation. Using the scientific 
method in most fire or explosion incidents should involve the 
following five major steps from inception through final analysis. 


2.4.1 Receiving the Assignment. The investigator should be 
notified of the incident, what his or her role will be, and what 
he or she is to accomplish. For example, the investigator 
should know if he or she is expected to determine the origin, 
cause, and responsibility; produce a written or oral report; 
prepare for criminal or civil litigation; make suggestions for 
code enforcement, code promulgation, or changes; make sug- 
gestions to manufacturers, industry associations, or govern- 
ment agency action; or determine some other results. 


2.4.2 Preparing for the Investigation. The investigator should 
marshal his or her forces and resources and plan the conduct of 
the investigation. Preplanning at this stage can greatly increase 
the efficiency and therefore the chances for success of the overall 
investigation. Estimating what tools, equipment, and personnel 
(both laborers and experts) will be needed can make the initial 
scene investigation, as well as subsequent investigative examina- 
tions and analyses, go more smoothly and be more productive. 


2.4.3 Conducting the Investigation. The investigator should 
conduct an examination of the scene, if it is available, and col- 
lect data necessary to the analysis. The actual investigation 
may take and include different steps and procedures, and 
these will be determined by the purpose of the investigation 
assignment. These steps and procedures are described in 
detail elsewhere in the document. A typical fire or explosion 
investigation may include all or some of the following: a scene 
inspection; scene documentation through photography and 
diagramming; evidence recognition, documentation, and 
preservation; witness interviews; review and analysis of the 
investigations of others; and identification and collection of 
data or information from other appropriate sources. 

It is during this phase of the investigation that the data nec- 
essary for the analysis of the incident will be collected. 


2.4.4 Collecting and Preserving Evidence. Valuable physical evi- 
dence should be recognized, properly collected, and preserved 
for further testing and evaluation or courtroom presentation. 


2.4.5 Analyzing the Incident. All collected and available data 
should be analyzed using the principles of the scientific 
method. An incident scenario or failure analysis should be 
described, explaining the origin, cause, fire spread, and 
responsibility for the incident. Conclusions should be drawn 
according to the principles expressed in this guide. 


2.5 Reporting Procedure. The reporting procedure may 
take many written or oral forms, depending on the specific 
responsibility of the investigator. Pertinent information 
should be reported in a proper form and forum to help pre- 
vent recurrence. 
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FIRE AND EXPLOSION INVESTIGATIONS 


Chapter 3 Basic Fire Science 


3.1 Chemistry of Combustion. The fire investigator should 
have a basic understanding of ignition and combustion princi- 
ples and should be able to use them to help in interpretation 
of evidence at the fire scene and in the development of con- 
clusions regarding the origin and causes of the fire. 

The body of knowledge associated with combustion and 
fire would easily fill several textbooks. The discussion pre- 
sented in this section should be considered introductory. The 
user of this guide is urged to consult the technical literature 
for additional details. 


3.1.1 Fire Tetrahedron. The combustion reaction can be 
characterized by four components: the fuel, the oxidizing 
agent, the heat, and the uninhibited chemical chain reaction. 
These four components have been classically symbolized by a 
four-sided solid geometric form called a tetrahedron (see Figure 
3.1.1). Fires can be prevented or suppressed by controlling or 
removing one or more of the sides of the tetrahedron. 


FIGURE 3.1.1 Fire tetrahedron. 


Fuel 
(reducing agent) 


Uninhibited Oxidizing agent 
chemical chain 
reactions 


3.1.1.1 Fuel. A fuel is any substance that can undergo com- 
bustion. The majority of fuels encountered are organic and 
contain carbon and combinations of hydrogen and oxygen in 
varying ratios. In some cases, nitrogen will be present; exam- 
ples include wood, plastics, gasoline, alcohol, and natural gas. 
Inorganic fuels contain no carbon and include combustible 
metals, such as magnesium or sodium. All matter can exist in 
one of three phases: solid, liquid, or gas. The phase of a given 
material depends on the temperature and pressure and can 
change as conditions vary. If cold enough, carbon dioxide, for 
example, can exist as a solid (dry ice). The normal phase of a 
material is that which exists at standard conditions of temper- 
ature [21°C (70°F)] and pressure [14.7 psi (101.6 kPa) or 1 
atmosphere at sea level]. 

Combustion of a solid or liquid fuel takes place above the 
fuel surface in a region of vapors created by heating the fuel 
surface. The heat can come from the ambient conditions, 
from the presence of an ignition source, or from exposure to 
an existing fire. The application of heat causes vapors or pyrol- 
ysis products to be released into the atmosphere, where they 
can burn if in the proper mixture with air and if a competent 
ignition source is present or if the fuel’s autoignition temper- 
ature is reached. Ignition is discussed in Section 3.3. 
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Some solid materials can undergo a charring reaction, 
where oxygen reacts directly with solid material. Charring can 
be the initial or the final stage of burning. Sometimes charring 
combustion breaks into flame; on other occasions charring 
continues through the total course of events. 

Gaseous fuels do not require vaporization or pyrolysis 
before combustion can occur. Only the proper mixture with 
air and an ignition source are needed. 

The form of a solid or liquid fuel is an important factor in 
its ignition and burning rate. For example, a fine wood dust 
ignites easier and burns faster than a block of wood. Some 
flammable liquids, such as diesel oil, are difficult to ignite in a 
pool but can ignite readily and burn rapidly when in the form 
of a fine spray or mist. 


For the purposes of the following discussion, the term /uel 
is used to describe vapors and gases rather than solids. 


3.1.1.2* Oxidizing Agent. In most fire situations, the oxidiz- 
ing agent is the oxygen in the earth’s atmosphere. Fire can 
occur in the absence of atmospheric oxygen, when fuels are 
mixed with chemical oxidizers. Many chemical oxidizers con- 
tain readily released oxygen. Ammonium nitrate fertilizer 
(NH4NO3), potassium nitrate (KNO3), and hydrogen perox- 
ide (H,Qg) are examples. 

Normal air contains 21 percent oxygen. In oxygen- 
enriched atmospheres, such as in areas where medical oxygen 
is in use or in high-pressure diving or medical chambers, com- 
bustion is greatly accelerated. Materials that resist ignition or 
burn slowly in air can burn vigorously when additional oxygen 
is present. Combustion can be initiated in atmospheres con- 
taining very low percentages of oxygen, depending on the fuel 
involved. As the temperature of the environment increases, 
the oxygen requirements are further reduced. While flaming 
combustion can occur at concentrations as low as 14 to 16 per- 
cent oxygen in air at room temperatures of 70°F (21°C), flam- 
ing combustion can continue at close to 0 percent oxygen 
under postflashover temperature conditions. Also, smolder- 
ing combustion, once initiated, can continue in a low-oxygen 
environment even when the surrounding environment is at a 
relatively low temperature. The hotter the environment, the 
less oxygen is required. This latter condition is why wood and 
other materials can continue to be consumed, even though 
the fire is in a closed compartment with low oxygen content. 
Fuels that are enveloped in a layer of hot, oxygen-depleted 
combustion products in the upper portion of a room can also 
be consumed. 

It should be noted that certain gases can form flammable 
mixtures in atmospheres other than air or oxygen. One exam- 
ple is a mixture of hydrogen and chlorine gas. 

For combustion to take place, the fuel vapor or gas and the 
oxidizer should be mixed in the correct ratio. In the case of 
solids and liquids, the pyrolysis products or vapors disperse 
from the fuel surface and mix with the air. As the distance 
from the fuel source increases, the concentration of the 
vapors and pyrolysis products decreases. The same process 
acts to reduce the concentration of a gas as the distance from 
the source increases. 

Fuel burns only when the fuel/air ratio is within certain 
limits known as the flammable (explosive) limits. In cases 
where fuels can form flammable mixtures with air, there is a 
minimum concentration of vapor in air, below which propaga- 
tion of flame does not occur. This is called the lower flamma- 
ble limit. There is also a maximum concentration, called the 
upper flammable limit, above which flame will not propagate. 
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These limits are generally expressed in terms of percentage by 
volume of vapor or gas in air. 

The flammable limits reported are usually corrected to a 
temperature of 32°F (0°C) and 1 atmosphere. Increases in 
temperature and pressure result in reduced lower flammable 
limits, possibly below 1 percent, and increased upper flamma- 
ble limits. Upper limits for some fuels can approach 100 per- 
cent at high temperatures. A decrease in temperature and 
pressure will have the opposite effect. Caution should be exer- 
cised when using the values for flammability limits found in 
the literature. The reported values are often based on a single 
experimental apparatus that does not necessarily account for 
conditions found in practice. 

The range of mixtures between the lower and upper limits is 
called the flammable (explosive) range. For example, the lower 
limit of flammability of gasoline at ordinary temperatures and 
pressures is 1.4 percent, and the upper limit is 7.6 percent. All 
concentrations by volume falling between 1.4 and 7.6 percent 
will be in the flammable (explosive) range. All other factors 
being equal, the wider the flammable range, the greater the 
likelihood of the mixture coming in contact with an ignition 
source and thus the greater the hazard of the fuel. Acetylene, 
with a flammable range between 2.5 and 100 percent, and 
hydrogen, with a range from 4 to 75 percent, are considered 
very dangerous and very likely to be ignited when released. 

Every fuel—air mixture has an optimum ratio at which point 
the combustion will be most efficient. This ratio occurs at or 
near the mixture known by chemists as the stoichiometric 
ratio. When the amount of air is in balance with the amount 
of fuel (i.e., after burning there is neither unused fuel nor 
unused air), the burning is referred to as stoichiometric. This 
condition rarely occurs in fires except in certain types of gas 
fires. (See Chapter 18.) 

Fires usually have either an excess of air or an excess of fuel. 
When there is an excess of air, the fire is considered to be fuel 
controlled. When there is more fuel present than air, a condi- 
tion that occurs frequently in well-developed room or compart- 
ment fires, the fire is considered to be ventilation controlled. 

In a fuel-controlled compartment fire, all the burning will 
take place within the compartment and the products of com- 
bustion will be much the same as burning the same material in 
the open. In a ventilation-controlled compartment fire, the 
combustion inside the compartment will be incomplete. The 
burning rate will be limited by the amount of air entering the 
compartment. This condition will result in unburned fuel and 
other products of incomplete combustion leaving the compart- 
ment and spreading to adjacent spaces. Ventilation-controlled 
fires can produce massive amounts of carbon monoxide. 

If the gases immediately vent out a window or into an area 
where sufficient oxygen is present, they will ignite and burn 
when the gases are above their ignition temperatures. If the 
venting is into an area where the fire has caused the atmo- 
sphere to be deficient in oxygen, such as a thick layer of smoke 
in an adjacent room, it is likely that flame extension in that 
direction will cease, although the gases can be hot enough to 
cause charring and extensive heat damage. 


3.1.1.3 Heat. The heat component of the tetrahedron repre- 
sents heat energy above the minimum level necessary to 
release fuel vapors and cause ignition. Heat is commonly 
defined in terms of intensity or heating rate (Btu/sec or kilo- 
watts) or as the total heat energy received over time (Btu or 
kilojoules). In a fire, heat produces fuel vapors, causes igni- 
tion, and promotes fire growth and flame spread by maintain- 
ing a continuous cycle of fuel production and ignition. 


3.1.1.4 Uninhibited Chemical Chain Reaction. Combustion 
is a complex set of chemical reactions that results in the rapid 
oxidation of a fuel, producing heat, light, and a variety of 
chemical by-products. Slow oxidation, such as rust or the yel- 
lowing of newspaper, produces heat so slowly that combustion 
does not occur. Self-sustained combustion occurs when suffi- 
cient excess heat from the exothermic reaction radiates back 
to the fuel to produce vapors and cause ignition in the 
absence of the original ignition source. For a detailed discus- 
sion of ignition, see Section 3.3. 

Combustion of solids can occur by two mechanisms: flaming 
and smoldering. Flaming combustion takes place in the gas or 
vapor phase ofa fuel. With solid and liquid fuels, this combustion 
is above the surface. Smoldering is a surface-burning phenome- 
non with solid fuels and involves a lower rate of heat release and 
no visible flame. Smoldering fires frequently make a transition to 
flaming after sufficient total energy has been produced, or when 
airflow is present to speed up the combustion rate. 


3.2 Heat Transfer. The transfer of heat is a major factor in 
fires and has an effect on ignition, growth, spread, decay 
(reduction in energy output), and extinction. Heat transfer is 
also responsible for much of the physical evidence used by 
investigators who attempt to establish a fire’s origin and cause. 

It is important to distinguish between heat and temperature. 
Temperature is a measure that expresses the degree of molecu- 
lar activity of a material compared to a reference point, such as 
the freezing point of water. Heat is the energy that is needed to 
maintain or change the temperature of an object. When heat 
energy is transferred to an object, the temperature increases. 
When heat is transferred away, the temperature decreases. 

Heat is always transferred from the high-temperature mass 
to the low-temperature mass. Heat transfer is measured in 
terms of energy flow per unit of time (Btu/sec or kilowatts). 
The greater the temperature difference between the objects, 
the more energy is transferred per unit of time and the higher 
the heat transfer rate is. Temperature can be compared to the 
pressure in a fire hose and heat or energy transfer to the water- 
flow in gallons per minute. 

Heat transfer is accomplished by three mechanisms: conduc- 
tion, convection, and radiation. All three play a role in the inves- 
tigation of a fire, and an understanding of each is necessary. 


3.2.1 Conduction. Conduction is the form of heat transfer 
that takes place within solids when one portion of an object is 
heated. Energy is transferred from the heated area to the 
unheated area at a rate dependent on the difference in tem- 
perature and the physical properties of the material. The 
properties are the thermal conductivity (k), the density (p), 
and the heat capacity (c). The heat capacity (specific heat) of 
a material is a measure of the amount of heat necessary to raise 
the temperature of a unit mass 1 degree, under specified con- 
ditions (J{/kg-K, Btu/Ib-°F). 

If thermal conductivity (k) is high, the rate of heat transfer 
through the material is high. Metals have high thermal conduc- 
tivities (k), while plastics or glass have low thermal conductivity 
(k) values. Other properties (k and c) being equal, high-density 
(P) materials conduct heat faster than low-density materials. 
This is why low-density materials make good insulators. Simi- 
larly, materials with a high heat capacity (c) require more 
energy to raise the temperature than materials with low heat 
capacity values. 

Generally, conduction heat transfer is considered to occur 
between two points, with the energy source at a constant temper- 
ature. The other point will increase to some steady temperature 
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lower than that of the source. This condition is known as steady 
state. Once steady state is reached, thermal conductivity () is 
the dominant heat transfer property. In the growing stages of a 
fire, temperatures are continuously changing, resulting in 
changing rates of heat transfer. During this period, all three 
properties — thermal conductivity (k), density (p), and heat 
capacity (c) — play a role. Taken together, these properties are 
commonly called the thermal inertia of a material and are 
expressed in terms of k, p, c. Table 3.2.1 provides data for some 
common materials. 


Table 3.2.1 Thermal Properties of Selected Materials 


Thermal Density Heat 
Conductivity (p) Capacity (cy) 
Material (k) (W/m-K) (kg/m?) (J/kg-K) 
Copper 387 8940 380 
Concrete 0.8-1.4 1900-2300 880 
Gypsum plaster 0.48 1440 840 
Oak 0.17 800 2380 
Pine (yellow) 0.14 640 2850 
Polyethylene 0.35 940 1900 
Polystyrene 0.11 1100 1200 
(rigid) 

Polyvinylchloride 0.16 1400 1050 
Polyurethane* 0.034 20 1400 


“Typical values, properties vary. 
Source: Drysdale, An Introduction to Fire Dynamics, p. 36. 


The impact of the thermal inertia on the rise in temperature 
in a space or on the material in it is not constant through the 
duration of a fire. Eventually, as the materials involved reach a 
constant temperature, the effects of density (¢) and heat capac- 
ity (c) become insignificant relative to thermal conductivity. 
Therefore, thermal inertia of a material is most important at the 
initiation and early stages of a fire (preflashover). 

Conduction of heat into a material as it affects its surface 
temperature is an important aspect of ignition. Thermal iner- 
tia is an important factor in how fast the surface temperature 
will rise. The lower the thermal inertia of the material, the 
faster the surface temperature will rise. Conduction is also a 
mechanism of fire spread. Heat conducted through a metal 
wall or along a pipe or metal beam can cause ignition of com- 
bustibles in contact with the heated metals. Conduction 
through metal fasteners such as nails, nail plates, or bolts can 
result in fire spread or structural failure. 


3.2.2 Convection. Convection is the transfer of heat energy 
by the movement of heated liquids or gases from the source of 
heat to a cooler part of the environment. 

Heat is transferred by convection to a solid when hot gases 
pass over cooler surfaces. The rate of heat transfer to the solid 
is a function of the temperature difference, the surface area 
exposed to the hot gas, and the velocity of the hot gas. The 
higher the velocity of the gas, the greater the rate of convective 
transfer. Flame contact involves heat transfer by convection. 

In the early history of a fire, convection plays a major role 
in moving the hot gases from the fire to the upper portions of 
the room of origin and throughout the building. As the room 
temperatures rise with the approach of flashover, convection 
continues, but the role of radiation increases rapidly and 
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becomes the dominant heat transfer mechanism. See 3.5.3.2 
for a discussion of the development of flashover. Even after 
flashover, convection can be an important mechanism in the 
spread of smoke, hot gases, and unburned fuels throughout a 
building. This can spread the fire or toxic or damaging prod- 
ucts of combustion to remote areas. 


3.2.3 Radiation. Radiation is the transfer of heat energy from 
a hot surface to a cooler surface by electromagnetic waves 
without an intervening medium. For example, the heat energy 
from the sun is radiated to earth through the vacuum of space. 
Radiant energy can be transferred only by line of sight and will 
be reduced or blocked by intervening materials. Intervening 
materials do not necessarily block all radiant heat. For exam- 
ple, radiant heat is reduced on the order of 50 percent by 
some glazing materials. 

The rate of radiant heat transfer is strongly related to a dif- 
ference in the fourth power of the absolute temperature of the 
radiator and the target. At high temperatures, small increases 
in the temperature difference result in a massive increase in 
the radiant energy transfer. Doubling the absolute tempera- 
ture of the hotter item without changing the temperature of 
the colder item results in a 16-fold increase in radiation 
between the two objects. Figure 3.2.3 illustrates this relation. 


FIGURE 3.2.3 Relation of radiation to temperature. 
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The rate of heat transfer is also strongly affected by the dis- 
tance between the radiator and the target. As the distance 
increases, the amount of energy falling on a unit of area falls 
off in a manner that is related to both the size of the radiating 
source and the distance to the target. 
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3.3* Ignition. In order for most materials to be ignited, they 
should be in a gaseous or vapor state. A few materials may burn 
directly in a solid state or glowing form of combustion including 
some forms of carbon and magnesium. These gases or vapors 
should then be present in the atmosphere in sufficient quantity 
to form a flammable mixture. Liquids with flash points below 
ambient temperatures do not require additional heat to pro- 
duce a flammable mixture. The fuel vapors produced should 
then be raised to their ignition temperature. The time and 
energy required for ignition to occur is a function of the energy 
of the ignition source, the thermal inertia (, p, c) of the fuel, and 
the minimum ignition energy required by that fuel and the 
geometry of the fuel. If the fuel is to increase in temperature, the 
rate of heat transfer to the fuel must be greater than the sum of 
the conduction losses, convection losses, radiation losses, energy 
associated with phase changes (such as the heat of vaporization), 
and energy associated with chemical changes (such as pyrolysis) . 
In some cases, chemical changes in the fuel during heating may 
also produce heat prior to combustion (exothermic reaction). If 
the fuel is to reach its ignition temperature, the heat source itself 
must have a temperature higher than the fuel’s ignition temper- 
ature. Spontaneous ignition is an exception. 

Table 3.3 shows the temperature of selected ignition 
sources. A few materials, such as cigarettes, upholstered furni- 
ture, sawdust, and cellulosic insulation, are permeable and 
readily allow air infiltration. These materials can burn as solid 
phase combustion, known as smoldering. This is a flameless 
form of combustion whose principal heat source is char oxida- 
tion. Smoldering is hazardous, as it produces more toxic com- 
pounds than flaming combustion per unit mass burned, and 
it provides a chance for flaming combustion from a heat 
source too weak to produce flame directly. 

The term smoldering is sometimes inappropriately used to 
describe a nonflaming response of a solid fuel to an external 
heat flux. Solid fuels, such as wood, when subjected to a suffi- 
cient heat flux, will degrade, gasify, and release vapors. There 
usually is little or no oxidation involved in this gasification pro- 
cess, and thus it is endothermic. This is more appropriately 
referred to as forced pyrolysis, and not smoldering. 


3.3.1 Ignition of Solid Fuels. For solid fuels to burn with a 
flame, the substance should either be melted and vaporized 
(like thermoplastics) or be pyrolyzed into gases or vapors (i.e., 
wood or thermoset plastic). In both examples, heat must be 
supplied to the fuel to generate the vapors. 


Table 3.3.1 Time Required to Ignite Wood Specimens 


High-density materials of the same generic type (woods, 
plastics) conduct energy away from the area of the ignition 
source more rapidly than low-density materials, which act as 
insulators and allow the energy to remain at the surface. For 
example, given the same ignition source, oak takes longer to 
ignite than a soft pine. Low-density foam plastic, on the other 
hand, ignites more quickly than high-density plastic. 


The amount of surface area for a given mass (surface area 
to mass ratio) also affects the quantity of energy necessary for 
ignition. It is relatively easy to ignite one pound of thin pine 
shavings with a match, while ignition of a one-pound solid 
block of wood with the same match is very unlikely. 


Because of the higher surface area to mass ratio, corners of 
combustible materials are more easily burned than flat sur- 
faces. Table 3.3.1 shows the time for pilot ignition of wood 
exposed to varying temperatures. 


Table 3.3 Reported Burning and Sparking Temperatures 
of Selected Ignition Sources 


Temperature 
Source °F °C 

Flames 

Benzene* 1690 920 

Gasoline? 1879 1026 

Jp-4? 1700 927 

Kerosene* 1814 990 

Methanol* 2190 1200 

Wood‘ 1880 1027 
Embers‘ 

Cigarette (puffing) 1520-1670 830-910 

Cigarette (free burn) 930-1300 500-700 
Mechanical sparks® 

Steel tool 2550 1400 

Copper-nickel alloy 570 300 


4From Drysdale, An Introduction to Fire Dynamics. 

‘From Hagglund and Persson, The Heat Radiation from Petroleum Fires. 
‘From Hagglund and Persson, An Experimental Study of the Radiation 
from Wood Flames. 

From Krasny, Cigarette Ignition of Soft Furnishings — A Literature Review 
with Commentary. 

¢From NFPA Fire Protection Handbook, 15th ed., pp. 4-167. 


Wood No Ignition Exposure Before Ignition, by Pilot Flame, Minutes 
V/gin. x 11/, in. x4 in. ae 356°F  392°F  437°F  482°F —«572°F 662° —-752°F 
(32 mm X 32 mm x 102 mm) °F °C (180°C) (200°C) = (225°C) = (250°C) = (300°C) = (350°C) ~=— (400°C) 
Long leaf pine 315 157 14.3 11.8 8.7 6.0 2.3 1.4 0.5 
Red oak 315 157 20.0 13.3 8.1 4.7 1.6 1.2 0.5 
Tamarack 334 167 29.9 14.5 9.0 6.0 2.3 0.8 0.5 
Western larch 315 157 30.8 25.0 17.0 9.5 3.5 1.5 0.5 
Noble fir 369 187 — — 15.8 9.3 2.3 1.2 0.3 
Eastern hemlock 356 180 —_— 13.3 7.2 4.0 2.2 1.2 0.3 
Redwood 315 157 28.5 18.5 10.4 6.0 1.9 0.8 0.3 
Sitka spruce 315 157 40.0 19.6 8.3 5.3 2.1 1.0 0.3 
Basswood 334 167 _— 14.5 9.6 6.0 1.6 1.2 0.3 


Source: NFPA Fire Protection Handbook, 18th ed., pp. 4-29. 
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Caution is needed in using Table 3.3.1, as the times and 
temperatures given are for ignition with a pilot flame. These 
are good estimates for ignition of wood by an existing fire. 
These temperatures are not to be used to estimate the temper- 
ature necessary for the first item to ignite. The absence of the 
pilot flame requires that the fuel vapors of the first item 
ignited be heated to their autoignition temperature. In An 
Introduction to Fire Dynamics, Douglas Drysdale reports two tem- 
peratures for wood to autoignite or spontaneously ignite. 
These are heating by radiation, 600°C (1112°F), and heating 
by conduction, 490°C (914°F). 


For spontaneous ignition to occur as a result of radiative 
heat transfer, the volatiles released from the surface should be 
hot enough to produce a flammable mixture above its autoi- 
gnition temperature when it mixes with unheated air. With 
convective heating on the other hand, the air is already at a 
high temperature and the volatiles need not be as hot. 


Figure 3.3.1 (a) illustrates the relationship between ignition 
energy and time to ignition for thin and thick materials. When 
exposed to their ignition temperature, thin materials ignite 
faster than thick materials (e.g., paper vs. plywood) as shown 
in Figure 3.3.1(b). 


FIGURE 3.3.1(a) Relationship of energy source to ignition 
time for thick and thin materials. 
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FIGURE 3.3.1(b) Relationship of material thickness to igni- 
tion time when exposed to ignition temperature. 
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3.3.2 Ignition of Liquids. In order for the vapors of a liquid 
to form an ignitable mixture, the liquid should be at or above 
its flash point. The flash point of a liquid is the lowest temper- 
ature at which it gives off sufficient vapor to support a momen- 
tary flame across its surface based on an appropriate ASTM 
test method. The value of the flash point may vary depending 
on the type of test used. Even though most of a liquid may be 
slightly below its flash point, an ignition source can create a 
locally heated area sufficient to result in ignition. 

Atomized liquids or mists (those having a high surface area 
to mass ratio) can be more easily ignited than the same liquid 
in the bulk form. In the case of spray or mists, ignition can 
occur at ambient temperatures below the published flash 
point of the bulk liquid. 


3.3.3 Ignition of Gases. Combustible substances in the gas- 
eous state have extremely low mass and require the least 
amount of energy for ignition. 


3.3.4 Ignition Properties of Materials. Table 3.3.4 provides 
ignition property data for selected solids, liquids, and gases. 


3.3.5 Self-Heating and Self-Ignition. Self-heating is the pro- 
cess whereby a material increases in temperature without 
drawing heat from its surroundings. Self-heating of a material 
to its ignition temperature results in selfignition. 

Most organic materials capable of combining with oxygen 
will oxidize at some critical temperature with the evolution of 
heat. Generally, self-heating and self-ignition are most com- 
monly encountered in organic materials such as animal and 
vegetable solids and oils. 

Self-heating and self-ignition of materials such as motor or 
lubricating oils does not occur. Certain inorganic materials, 
such as metal powders, may undergo self-heating and self-igni- 
tion under isolated conditions. 

There are three factors that control or influence the occur- 
rence of self-heating and self-ignition: 


(1) The rate of heat generation 
(2) The effects of ventilation 


(3) The insulating effects of the material’s immediate sur- 
roundings 


The rate of heat generation is slow. In order for selfignition 
to occur, the rate of heat generation by the material undergoing 
self-heating should be faster than the rate at which the heat is 
being dissipated or transferred to its immediate surroundings. 
When the temperature of the self-heating material increases, the 
elevated temperatures result in an increase in the rate of heat 
generation. In all cases, however, the initial temperature of the 
pile can affect its ability to selfheat. Occasionally, products have 
been stacked while warm, resulting in self-heating that would not 
otherwise have occurred. 


The effects of ventilation are also significant. In order for 
self-ignition to occur, sufficient air should be available to per- 
mit oxidation but not so much that the heat is carried away by 
convection as rapidly as it is being generated. As such, the 
material should be sufficiently porous to allow for oxygen to 
permeate through the mass to the point of combustion, and 
the material should also char. 

A rag saturated with linseed oil, for example, that might 
selfheat and self-ignite when crumpled at the bottom of a 
wastebasket, would not be expected to do so if hung on a 
clothesline where effects of ventilation through air movement 
would dissipate the heat faster than it is being generated. 
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Table 3.3.4 Ignition Properties of Selected Materials 


Ignition Temperature Minimum Radiant Minimum 
Flux Energy Required Ignition Energy 
Material °F °C (kW/m?) (kJ /m?) (mJ) 
Solids 
Polyethylene* 910 488 19 1500-5100 — 
Polystyrene* 1063 573 29 1300-6400 — 
Polyurethane (flexible)* 852-1074 456-579 16-30 150-770 — 
PVC? 945 507 21 3320 — 
Softwood” 608-660 320-350 —_— — — 
Hardwood? 595-740 313-393, — — — 
Dusts (cloud)* 
Aluminum 1130 610 — — 10 
Coal 1346 730 — — 100 
Grain 805 430 —_— —_— 30 
Liquids* 
Acetone 869 465 —_— — 1.15¢ 
Benzene 928 498 — —_— 0.22¢ 
Ethanol 685 363 — — — 
Gasoline (100 octane) 853 456 —_ _— a 
Kerosene 410 210 — — — 
Methanol 867 464 — — 0.14¢ 
Methyl ethyl ketone 759 404 —_— — 0.53¢ 
Toluene 896 480 — — 2.56 
Gases‘ 
Acetylene 581 305 =< — 0.02¢ 
Methane 999 537 — — 0.28¢ 
Natural gas 900-1170 482-632 — — 0.30 
Propane 842 450 _ — 0.25¢ 


aFrom NFPA Fire Protection Handbook, 17th ed., Table A.6. 
bFrom NFPA Fire Protection Handbook, 17th ed., pp. 3-25. 
‘From NFPA Fire Protection Handbook, 16th ed., Table 5.9A. 


‘Ignition temperatures from NFPA Fire Protection Guide to Hazardous Materials. 


*From the SFPE Handbook of Fire Protection Engineering, Table 2-5.2. 
‘From NFPA Fire Protection Handbook, 15th ed., Table 11.3B. 


Closely related to the effects of ventilation is the insulating 
effect of the material’s immediate surroundings. The crumpled 
rag saturated with linseed oil at the bottom of a wastebasket is 
insulated by both the rag itself and the wastebasket. This insu- 
lating effect results in the heat being retained within the mate- 
rial and not being as quickly dissipated to the material’s 
immediate surroundings. In a large pile of material, the pile 
itself may provide enough insulation to allow self-heating in the 
core of the pile. 

Because of the many possible combinations of these con- 
trolling or influencing factors, it is difficult to predict with any 
certainty when a material will self-heat. Table 3.3.5 lists a few 
materials subject to self-heating. A more complete list is found 
in Table A.10 of the NFPA Fire Protection Handbook, 18th edi- 
tion. Omission of any material does not necessarily indicate 
that it is not subject to self-heating. 


Table 3.3.5 Some Materials Subject to Spontaneous Ignition 


Material Tendency 
Charcoal High 
Fish meal High 
Linseed oiled rags High 
Brewing grains Moderate 
Latex foam rubber Moderate 
Hay Moderate 
Manure Moderate 
Wool wastes Moderate 
Baled rags Variable 

(low to moderate) 
Sawdust Possible 
Grain Low 


Source: NFPA Fire Protection Handbook, 18th ed., p. A-15. 
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3.3.6 Transition to Flaming Combustion. When flaming com- 
bustion is initiated by a smoldering source such as a cigarette, 
or by self-heating, the process leading up to the appearance of 
the first flame may be quite slow. Once flaming combustion 
begins, however, the development of the fire may be faster 
than if the original ignition source were a flame, due to pre- 
heating of the fuel. 


3.4 Fuel Load. The term fuel load has been used in the past to 
indicate the potential severity of a fire and has been expressed 
in terms of Btu (British thermal unit) or pounds of fuel per 
square foot of floor area. The Btus were expressed in wood 
equivalent based on 8000 Btu per pound. The fuel load was 
determined by weighing the fuel in a room and converting the 
weight of plastic to pounds of wood using 16,000 Btu per pound 
as the value for plastic (one pound of plastic equals two pounds 
of wood). The total Btus (or pounds of fuel) were divided by the 
area of the room floor. While this approach can be a measure 
of the total heat available if all the fuel burns, it does not depict 
how fast the fire will develop once the fire starts. The speed of 
development of a fire determined from witness statements is 
often used as evidence of an incendiary fire if the fire grew 
faster than would be expected given the fuel load present. 


Total fuel load in the room has no bearing on the rate of 
growth of a given fire in its preflashover phase. During this 
period of development, the rate of fire growth is determined 
by the heat release rate (HRR) from the burning of individual 
fuel arrays. This rate is controlled by the chemical and physical 
properties of the fuel and the surface area of the fuel array. 
HRR is expressed in terms of Btu/second or kilowatts. After 
flashover, the heat release rate in the fire is controlled by the 
preceding factors and the availability of air and the exposed 
combustible surface. 

Pine shavings, for example, burn faster than a block of wood 
of the same weight. Finely ground wood flour dispersed in air 
burns very rapidly and can result in an explosion. Plastics can 
have heat release rates significantly greater than the same item 
made of cellulose. Compare a cotton mattress to one of the 
same size but made of polyurethane foam. (See Table 3.4.) The 
difference between these materials relates not only to the chem- 
ical composition of the fuel but also to the physical properties, 
including those that determine the thermal inertia. (See 3.2.1.) 

Low-density materials burn faster than high-density mate- 
rials of similar chemistry. Soft pine, for example, burns faster 
than oak, and lightweight foam plastics burn faster than 
more dense, rigid plastics. Peak heat release rate values for 
typical fuels are presented in Table 3.4. These values should 
be considered representative values for typical similar fuel 
items. The actual peak heat release rate for a particular item 
is best determined by test. 


3.5 Fire Development. The rate and pattern of fire develop- 
ment depend on a complex relationship between the burn- 
ing fuel and the surrounding environment. In confined 
burning, the collection of heat at the top of the room can 
raise the temperature of the ceiling and produce a large body 
of high-temperature smoke. The radiation from this upper 
portion of the space can significantly enhance the rate of heat 
release from a burning item. In such cases, the values given in 
Table 3.4 would be inappropriately low. 


3.5.1 Plumes. Heat from a fire in the open rises as a column of 
hot gas called a plume. The resulting airflow draws cool air into 
the base of the fire from all directions. Cool air is also drawn into 
the plume above ground level by the moving mass of hot air, as 
shown in Figure 3.5.1(a). This inflow of cool air into the plume 


2001 Edition 


is called entrainment and results in decreased temperatures with 
increasing height in the plume, as shown in Figure 3.5.1(b). 

Fire spread will be primarily by radiant ignition of nearby 
fuels. Spread rate over solids will generally be slow unless 
aided by air movement (wind) or sloping surfaces. 


Table 3.4 Representative Peak Heat Release Rates 
(unconfined burning) 


Fuel (Ib) Peak HRR (kW) 
Wastebasket, small (1.5-3) 4-18 
Trash bags, 11 gal with mixed plastic and 140-350 
paper trash (2!/3-7!/)) 
Cotton mattress (26-29) 40-970 
TV sets (69-72) 120-290 
Plastic trash bags/paper trash (2.6—31) 120-350 
PVC waiting room chair, metal frame 270 
(34) 
Cotton easy chair (39-70) 290-370 
Gasoline/kerosene in 2 ft? (0.61 m?) pool 400 
Christmas trees, dry (14-16) 500-650 
Polyurethane mattress (7-31) 810-2630 


Polyurethane easy chair (27-61) 1350-1990 
Polyurethane sofa (113) 3120 
Sources: Values are from the following publications: 

Babrauskas and Krasny, Fire Behavior of Upholstered Furniture. 
NFPA 72, National Fire Alarm Cod®, 1996 ed., B.2.2.2.1. 


Lee, Heat Release Rate Characteristics of Some Combustible Fuel Sources in 
Nuclear Power Plants. 


FIGURE 3.5.1(a) Fire plume in the open. 
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FIGURE 3.5.1(b) Temperature in a fire plume. 
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3.5.2 Unconfined Fires. When no ceiling exists over a fire, 
and the fire is far from walls, the hot gases and smoke of the 
plume continue to rise vertically until they cool to the ambi- 
ent air temperature. At that point, the smoke will stratify and 
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diffuse in the air. Such conditions would exist for a fire out- 
doors. The same conditions can exist with a fire in a building 
at the very early stages, when the plume is small or if the fire 
is in a very large-volume space with a high ceiling such as an 
atrium. Fire spread from an unconfined fire will be primarily 
by radiant ignition of nearby fuels. The spread rate across 
solid materials will generally be slow unless aided by air 
movement (wind in the case of outdoor fires) or sloping sur- 
faces that allow preheating of the fuel. 


3.5.3 Confined Fires. When plumes interact with the ceiling 
or walls of a compartment, the flow of smoke and hot gases 
and the growth of the fire will be affected. Low heat release 
rate fires, remote from walls or other bounding surfaces, such 
as the back of a couch, will behave as if they were in the open. 


3.5.3.1 Fires Confined by a Ceiling. When a ceiling exists over 
a fire, and the fire is far from walls, the hot gases and smoke in 
the rising plume strike the ceiling surface and spread in all 
directions until stopped by an intervening wall. As the hot gases 
flow away from the centerline of the plume under the ceiling, a 
thin layer is formed. Heat is conducted from this layer into the 
cooler ceiling above, and cool air is entrained from below. This 
layer is deepest and hottest near the plume centerline and 
becomes less deep and cooler as the distance (7) from the cen- 
terline of the plume increases. [See Figure 3.5.3. 1(a).] 


FIGURE 3.5.3.1(a) Fire confined by a ceiling 
in a large room. 
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As in the case of the fire in the open, temperatures will 
decrease with increasing height above the fire. In addition, 
due to the cooling by entrainment and heat losses to the ceil- 
ing, the layer temperature decreases with increased distance 
(7) from the plume centerline. [See Figure 3.5.3.1(b)]. 


FIGURE 3.5.3.1(b) Ceiling layer temperature away 
from the plume. 
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Fire spread with a plume confined by a ceiling will be by 
ignition of combustible ceiling or wall material, ignition of 
nearby combustibles such as room contents or warehouse 
stock, or a combination of these mechanisms. The gases in the 
upper (smoke) layer may transfer heat to materials in this 
upper layer by convection and radiation. Transfer of heat 
below the smoke layer is dominated by radiation. Fire growth, 
when the plume is confined by a ceiling, will be faster than 
when the plume is unconfined. 

Factors such as ceiling height and distance from the plume 
can have significant effects on the response time of fire protec- 
tion devices, such as heat and smoke detectors and automatic 
sprinklers. For a given device and fire size (HRR), the response 
time of the device will increase with higher ceilings and with 
increasing distance from the plume. Stated another way, the 
higher the ceiling or the farther away the device, the larger the 
heat output from the fire will be at the time the device 
responds. These factors should be considered when attempt- 
ing to understand why a fire appears to be larger than expected 
at the time of alarm or sprinkler operation. 


3.5.3.2 Compartment Fires and Flashover. The heat output 
from a fire in a compartment is confined by walls as well as the 
ceiling. The closer proximity of the walls results in a more 
rapid development of the hot gas layer at the ceiling and the 
creation of a much deeper layer. Figure 3.5.3.2(a) depicts a 
room with a door opening. There are two fuel packages in the 
room; one is the item first ignited, and the other is the “target” 
fuel or second item ignited. Initially, the ceiling layer will be 
thin, resembling the no-wall situation. However, as the gases 
reach the walls and can no longer spread horizontally, the bot- 
tom of the layer will descend and become uniform in depth. 
Smoke detectors in the compartment of origin will generally 
respond early in this stage of fire development. 

When the smoke level reaches the top of the door opening, 
as illustrated in Figure 3.5.3.2(b), it will begin to flow out of 
the compartment. If the rate of smoke production does not 
exceed the rate of smoke flow out of the compartment, the 
ceiling layer will not descend further. 

If the fire grows in size, the bottom of the ceiling layer will 
continue to descend, the temperature of the hot smoke and 
gases will increase, and radiant heat from the layer will begin 
to heat the unignited target fuel, as shown in Figure 3.5.3.2(c). 
A well-defined flow pattern will be established at the opening, 
with the hot combustion products flowing out the top and 
cool air flowing into the compartment under the smoke layer. 

At the start of this stage of burning, there is sufficient air to 
burn all of the materials being pyrolyzed. This is referred to as 
fuel-controlled burning. As the burning progresses, the availabil- 
ity of air may continue to be sufficient and the fire may continue 
to have sufficient oxygen even as it grows. Normally, this would 
be a location that had a large door or window opening as com- 
pared to fuel surface burning. In such cases, the gases collected 
at the upper portion of the room, while hot, will contain signifi- 
cant oxygen and relatively small amounts of unburned fuel. 

If the amount of air resident in the room, plus that trans- 
ported to the room through the HVAC system or drawn in 
through openings, is not sufficient to burn all of the combustibles 
being pyrolyzed by the fire, the fire will shift from fuel control to 
ventilation control. In that situation, the ceiling layer will contain 
unburned products of combustion such as hydrocarbon vapors, 
carbon monoxide, and soot. In general, there will be insufficient 
oxygen for flaming in the ceiling layer. In both cases, the gases 
can be well above the temperatures necessary to char or pyrolyze 
combustible finished materials in the hot layer. 
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FIGURE 3.5.3.2(a) Early compartment fire development. 
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FIGURE 3.5.3.2(b) Ceiling layer development in compartment fire. 


FIGURE 3.5.3.2(c) Preflashover conditions in compartment fire. 
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Automatic sprinklers will normally operate early during 
this phase or even during the prior phase of burning. Quick- 
response sprinklers will operate much sooner than standard 
sprinklers. Detectors located outside the compartment may 
operate, depending on their location and the ability of smoke 
to travel from the fire to the point of the detector. 

As the fire continues to grow, the ceiling layer gas temper- 
atures approach 900°F (480°C), increasing the intensity of the 
radiation on the exposed combustible contents in the room. 
The surface temperature of these combustible contents rises, 
and pyrolysis gases are produced and become heated to their 
ignition temperature. When the upper layer temperature 
reaches approximately 1100°F (590°C), pyrolysis gases from 
the combustible contents ignite along with the bottom of the 


FIGURE 3.5.3.2(d) Flashover conditions in compartment fire. 


Outflow 


ceiling layer. This phenomenon, known as flashover, is illus- 
trated in Figure 3.5.3.2(d). The terms flameoverand rollover are 
often used to describe the condition where flames propagate 
through or across the ceiling layer only and do not involve the 
surfaces of target fuels. Flameover or rollover generally pre- 
cede flashover but may not always result in flashover. 

Postflashover burning conditions in a compartment are 
turbulent and dynamic. During postflashover burning, the 
position of the ceiling layer bottom and the existence and size 
of flaming on target fuels within the layer can vary between the 
conditions shown in Figures 3.5.3.2(d) and 3.5.3.2(e). While 
the burning of floors or floor coverings is common, such burn- 
ing may not always extend under target fuels or other shield- 
ing surfaces. 
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FIGURE 3.5.3.2(e) Postflashover or full room involvement in compartment fire. 
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Flashover represents a transition from a condition where 
the fire is dominated by burning of the first item ignited 
(and nearby items subject to direct ignition) to a condition 
where the fire is dominated by burning of all items in the 
compartment. It is important for investigators to be aware of 
the fact that flashover is a triggering condition, not a closed- 
ended event. The postflashover condition is called full room 
involvement. The onset of flashover occurs when the hot gas 
layer imposes radiant energy levels (flux) on unignited fuels 
of approximately 20 kW/m?. This flux level is usually suffi- 
cient to ignite ordinary combustible materials. Flux levels in 
full room involvement are considerably higher than at the 
beginning of flashover. Levels at the floor of 170 kW/m? 
have been recorded. See Table 3.5.3.2 for the effects of vari- 
ous heat fluxes. 

Once flashover conditions have been reached, full room 
involvement will follow in the majority of fires unless the fuel 
is exhausted, the fire is oxygen deprived, or the fire is extin- 
guished. In full room involvement, the hot layer can be at 
floor level, but tests and actual fires have shown the hot layer 
is not always at floor level. [See Figure 3.5.3. 2(e).] 

At the time of flashover, the compartment door becomes a 
restriction to the amount of air available for combustion 
inside the compartment, and the majority of the pyrolysis 
products will burn outside the compartment. Flameover or 
rollover generally occurs prior to flashover but may not always 
result in flashover conditions throughout a compartment, par- 
ticularly where there is a large volume or high ceiling involved 
or there is limited fuel present. 

Research has shown that time to flashover from open flame 
can be as short as 1!/) minutes in residential fire tests with 
contemporary furnishings, or it may never occur. The rate of 
heat release from a fully developed room flashover can be on 
the order of 10,000 kW (10 MW) or more. 


3.5.4 Effects of Enclosures on Fire Growth. For a fire in a 
given fuel package, the size of the ventilation opening, the vol- 
ume of the enclosure, the ceiling height, and the location of 
the fire with respect to the walls and corners will affect the 
overall fire growth rate in the enclosure. 


3.5.4.1* Ventilation Opening. The minimum size fire that can 
cause a flashover in a given room is a function of the ventilation 
provided through an opening. This function is known as the 
ventilation factor and is calculated as the area of the opening (A,) 
times the square root of the height of the opening (h,). 

An approximation of the heat release rate for flashover 
(HRR,) can be found from the following relationship: 


HRR,,(kW) = (750A,)(h,) 


where: 
HRR,, = heat release rate for flashover 
A, = area of opening in m? 
h, = height of opening in m 


The same formula using English units is: 


HRR,,(Btu/s) = 18.44,(h,)” + 0.694, 


where: 
HRR, = heat release rate for flashover 
A, = area of opening in ft? 
h, = height of opening in ft 
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Table 3.5.3.2 Approximate Rate of Radiant Flux 


Approximate 
Radiant Heat Flux Comment or 
(kW/m?) Observed Effect 
170 Maximum heat flux as currently measured 

in a postflashover fire compartment. 

80 Heat flux for protective clothing 
Thermal Protective Performance 
(TPP) Test.* 

52 Fiberboard ignites spontaneously after 
5 seconds.> 

29 Wood ignites spontaneously after 
prolonged exposure. 

20 Heat flux on a residential family room 
floor at the beginning of flashover.¢ 

16 Human skin experiences sudden pain 


and blisters after 5-second exposure with 
second-degree burn injury." 

12.5 Wood volatiles ignite with intended 
exposure‘ and piloted ignition. 


10.4 Human skin experiences pain with 
3-second exposure and blisters in 9 sec- 
onds with second-degree burn injury. 


6.4 Human skin experiences pain with a 
second exposure and blisters in 
18 seconds with second-degree burn 
injury.*° 

4.5 Human skin becomes blistered with a 
30-second exposure, causing a 
second-degree burn injury.* 


2.5 Common thermal radiation exposure 
while fire fighting.‘ This energy level may 
cause burn injuries with prolonged 
exposure. 


<1.4 Thermal radiation from the sun. 
Potential sunburn in 30 minutes or less.8 


Note: The unit kW/m? defines the amount of heat energy or flux that 
strikes a known surface area of an object. The unit (kW) represents 
1000 watts of energy and the unit (m*) represents the surface area of 
a square measuring 1 m long and 1 m wide. For example, 1.4 kW/m? 
represents 1.4 multiplied by 1000 and equals 1400 watts of energy. 
This surface area may be that of the human skin or any other material. 
Sources: 

4From NFPA 1971, Standard on Protective Ensemble for Structural Fire 
Fighting. 

bFrom Lawson, “Fire and the Atomic Bomb.” 

“From Fang and Breese, “Fire Development in Residential Basement 
Rooms.” 

4From Lawson and Simms, “The Ignition of Wood by Radiation,” pp. 
288-292. 

£From Tan, “Flare System Design Simplified,” pp. 172-176. 

fFrom U.S. Fire Administration, “Minimum Standards on Structural 
Fire Fighting Protective Clothing and Equipment.” 

8From Bennet and Myers, “Momentum, Heat, and Mass Transfer.” 
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A log versus log graph of the HRR for a range of ventilation 
factors is shown in Figure 3.5.4.1. If the room dimensions are 
known, a closer approximation can be found using the follow- 
ing relationship: 


HRR,,(kW) = (378A,)(h,)”? + 7.84, 


where: 
HRR, = heat release rate for flashover 


A, = area of ventilation opening in m? 
A, = area of walls, ceiling, and floor in m? 


FIGURE 3.5.4.1 Minimum heat release rate for flashover. 
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This relationship accounts for heat losses to the bounding 
surfaces of the room (i.e., the walls, ceiling, and floor). If the 
losses to the floor are small, then the floor area can be deleted 
from the value of A,,. The same formula using English units is: 


HRR ,(Btu/s) = 18.44,(h,)"” + 0.694, 


where A, and A,, are in ft? and h, is in ft. 


3.5.4.2, Room Volume and Ceiling Height. Development of a 
ceiling layer of sufficient temperature to cause radiant igni- 
tion of exposed combustible fuels and the layer gases is neces- 
sary for flashover. High ceilings or large compartment 
volumes will delay this buildup of temperature and therefore 
delay or possibly prevent flashover from occurring. The dis- 
tance between the bottom of the hot layer and the combusti- 
ble fuel is also a factor but of less importance. 


3.5.4.3 Location of the Fire in the Compartment. When a 
burning fuel package is away from a wall, air is free to flow 
into the plume from all directions and mix with the fuel 
gases. This brings air for combustion into the flame zone and 
cools the upper part of the plume by entrainment. (See 3.5.1.) 

If the fuel package or the fire plume is against a wall (not 
in a corner), air will be able to enter the plume from only 


about half of the theoretical circle around it. This will result in 
longer flames and a faster rise in the temperature of the gases 
in the ceiling layer. This, in turn, leads to flashover sooner 
than if the same fuel package had been in the center of the 
compartment. 

When the same fuel package is placed in a corner, 75 per- 
cent of the airflow into the plume is restricted, resulting in 
even longer flames, higher plume and ceiling layer tempera- 
tures, and shorter times to flashover. 

It should be noted that walls or other barriers to airflow will 
affect flame length and plume temperature outdoors as well. 

The possible effect of the location of walls relative to the fire 
should be considered in interpreting the extent of damage as a 
clue to fire origin. In making the determination, the possibility 
that the fuel in the suspected area of origin was not the first 
material ignited and that the greater degree of damage was the 
result of wall or corner effects should be considered. 


3.5.5* Flame Height. The height of flames above the surface 
of burning fuels is directly related to the HRR of the fire. For 
a given fuel, the HRR is related to the amount of surface burn- 
ing. If the flame height of a fire is known or can be estimated, 
the approximate HRR can be determined. The height of the 
flame is related to the heat output of a simple pool or single 
item fire by the relationship: 


- 0.4 
Hy = 0.174(kQ) 


If the flame height is known, the heat release rate can be 
estimated by using the following formula: 


5/2 
Sa 79.18, 


k 


where: 
H;= flame height in meters 


k = wall effect factor 
Q = fuel heat release rate in kilowatts 


The value of k to be used is as follows: 
k= 1 when there are no nearby walls 
k= 2 when the fuel package is at a wall 
k = 4 when the fuel package is in a corner 


For a typical wastebasket fire of 150 kW where there are no 
nearby walls (k = 1), this yields an estimated flame plume of 
1.3 m (4.3 ft). For an upholstered chair, where the heat is Q 
on the order of 500 kW, the plume would be about 2.1 m 
(6.9 ft) in height. 


3.6 Products of Combustion. The chemical products of com- 
bustion can vary widely depending on the fuels involved and the 
amount of air available. Complete combustion of hydrocarbon 
fuels containing only hydrogen and carbon will produce carbon 
dioxide and water. Materials containing nitrogen, such as silk, 
wool, and polyurethane foam, produce nitrogen oxides and 
possibly hydrogen cyanide as combustion products. Literally 
hundreds of compounds have been identified as products of 
incomplete combustion of wood. 

When less air is available for combustion, as in ventilation- 
controlled fires, the production of carbon monoxide increases 
as does the production of soot and unburned fuels. 
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Combustion products exist in all three states of matter: 
solid, liquid, and gas. Solid material makes up the ash and soot 
products that represent the visible “smoke.” Many of the other 
products of incomplete combustion exist as vapors or as 
extremely small tarry droplets or aerosols. These vapors and 
droplets often condense on surfaces that are cooler than the 
smoke, resulting in smoke patterns that can be used to help 
determine the origin and spread of the fire. Such surfaces 
include walls, ceilings, and glass. Since the condensation of 
residue results from temperature differences between the 
smoke body and the affected surface, the presence of a deposit 
is evidence that smoke did engulf the surface, but the lack of 
deposit or the presence of a sharp line of demarcation is not 
evidence of the limits of smoke involvement. 

Soot and tarry products often accumulate more heavily on 
ceramic-tiled surfaces than on other surrounding surfaces due 
to the heat conduction properties of ceramic tile. Those sur- 
faces that remain the coolest the longest tend to collect the 
most condensate. 

Some fuels, such as alcohol or natural gas, burn very cleanly, 
while others, such as fuel oil or styrene, will produce large 
amounts of sooty smoke even when the fire is fuel controlled. 

Smoke is generally considered to be the collection of the 
solid, liquid, and gaseous products of incomplete combustion. 

Smoke color is not necessarily an indicator of what is burn- 
ing. While wood smoke from a well-ventilated or fuel-con- 
trolled wood fire is light-colored or gray, the same fuel under 
the low-oxygen conditions, or ventilation-controlled condi- 
tions in a postflashover fire, can be quite dark or black. Black 
smoke also can be produced by the burning of other materials, 
including most plastics and ignitable liquids. 

The action of fire fighting can also have an effect on the 
color of the smoke being produced. The application of water 
can produce large volumes of condensing vapor that will 
appear white or gray when mixed with black smoke from the 
fire. This result is often noted by witnesses at the fire scene 
and has been misinterpreted to indicate a change of fuel 
being burned. 

Smoke production rates are generally less in the early 
phase of a fire but increase greatly with the onset of flashover, 
if flashover occurs. 


Chapter 4 Fire Patterns 


4.1 Introduction. One of the major objectives of a fire scene 
examination is the recognition, identification, and analysis of 
fire patterns. The analysis of fire patterns is performed in an 
attempt to trace fire spread, identify areas and points of origin, 
and identify the fuels involved. 

The circumstances of every fire are different from every 
other fire because of the differences in the structures, fuel 
loads, ignition factors, airflow, ventilation, and many other 
variable factors. This discussion, therefore, cannot cover 
every possible variation in fire patterns and how they come 
about. The basic principles are covered here, and the inves- 
tigator should apply them to the particular fire incident 
under investigation. 


4.2 Dynamics of Pattern Production. The recognition, iden- 
tification, and proper analysis of fire patterns by an investiga- 
tor depends on an understanding of the dynamics of fire 
development and heat and flame spread. This reorganization, 
identification, and proper analysis includes an understanding 
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of the way that the three modes of heat transfer (conduction, 
convection, and radiation) produce the fire patterns and the 
nature of flame, heat, and smoke movement within a struc- 
ture. (See Chapter 3.) 

The damage created by flame, radiation, hot gases, and 
smoke creates patterns that investigators use to locate the area 
or point of fire origin. 


The patterns seen by an investigator can represent much of 
the history of the fire. Each time another fuel package is 
ignited or the ventilation to the fire changes, the rate of 
energy production and heat distribution will change. Any 
burning item can produce a plume and thus a fire pattern. 
Determining which pattern was produced at the point of ori- 
gin by the first material ignited usually becomes more difficult 
as the size and duration of the fire increase. 


The means by which patterns can arise are discussed here. 
Guidance on the use and interpretation of patterns is found in 
Chapters 4 and 15. 


4.2.1 Plume-Generated Patterns. The shape of the plume of 
rising hot gases above a burning item can be described as a 
cone, with its apex directed down toward the source of heat. 
When undisturbed, the angle between the plume boundaries 
and vertical is approximately 15 degrees. Near the source of 
heat, the sides diverge to form a cone describing the boundary 
of the flame zone. 

As gases rise in the plume, they are cooled by air entrain- 
ment, and as the plume temperatures approach that of the 
surrounding air, the upper boundaries spread outward. The 
presence of a physical barrier, such as a ceiling, will contribute 
to the lateral extension of the plume boundary. 


When a plume is truncated by a vertical surface, such as a 
wall surface, V- or U-shaped damage patterns can be created 
on the surface. In the hot gas portion of the plume, the V will 
be upright. In the flame zone, the damage pattern will resem- 
ble an inverted V. Taken together, the overall pattern is often 
described as an hourglass, as shown in Figure 4.2.1 (a). 


The plume width varies with the size of the base of the fire 
and will increase over time as the fire spreads. A narrow pat- 
tern will develop from a small surface area fire, and a wide pat- 
tern will develop from a fire with a large surface area. 
However, the angles of the legs of the V will remain at approx- 
imately 10-15 degrees, regardless of the heat release rate 
(HRR) of the fuel, as shown in Figure 4.2.1(b). 

Although an undisturbed plume above a flaming fire will 
have boundaries sloping outward at approximately 15 
degrees, airflow in the vicinity can cause the plume to become 
unstable, resulting in larger angles. Fire plumes adjacent to 
combustible surfaces may also produce larger angles. 


FIGURE 4.2.1(a) Hourglass pattern. 
Approximately 10° to 15° 


V Pattern 
Hot gas 
zone 

~ Inverted VMAG\_— Flame zone 


FIRE PATTERNS 921-25 


FIGURE 4.2.1(b) Effects of fire base on V width. FIGURE 4.2.2(a) Airflow around door. 
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Where the surface is combustible, the fire will often spread 
laterally, expanding the width of the burn pattern beyond that 
which would have been present on a noncombustible surface. 
The extent of spread will depend on the flame spread proper- 
ties of the surface, its orientation to other burning materials, 
and the temperature of any hot gases impinging on it. In such 
instances, the pattern can leave marks vastly different from the 
expected 10-15 degree slope of a single plume. 


4.2.2 Ventilation-Generated Patterns. Blowing air over glow- 
ing embers will raise their temperatures and can generate 
enough heat to melt metals. More heat is transferred by con- 
vection as the velocity of the hot gas increases. These phenom- 
ena can explain the presence of numerous burn patterns. 


Airflow over coals or embers can raise temperatures high 
enough to burn holes through floors. If a building burns exten- 
sively and collapses, embers buried in debris can produce holes 
in floors. Once a hole is made, air can flow up through the hole, 
and the burning rate can increase. Careful interpretation of 
these patterns should be exercised, since they may be mistaken 
for patterns originating from ignitable liquids. Holes in floors 
may be caused by glowing combustion, radiation, or an ignit- 
able liquid. Because the surface below a liquid remains cool (or Hot gas 
at least below the boiling point of the liquid) until the liquid is 
consumed, holes in the floor from burning ignitable liquids 
may result when the ignitable liquid has soaked into the floor or FIGURE 4.2.2(c) Glowing embers at base of door. 
accumulated below the floor level. Evidence other than the 
hole or its shape is necessary to confirm the cause of a given pat- 
tern. (See 4.3.3, 4.16.1.4, and 4.17.7.2.) Hot 


When a door is closed on a fire, hot gases (being lighter) 
can escape through the space at the top of a closed door, 
resulting in charring. Cool air may enter the compartment at 
the bottom of the door, as in Figure 4.2.2 (a). In a fully devel- 
oped room fire where the hot gases extend to the floor, the 
hot gases may escape under the door and cause charring —=—_ 
under the door and possibly through the threshold, as in Fig- 


ure 4.2.2(b). Charring can also occur if glowing debris falls 
against the door either on the inside or the outside, as in Fig- 


ure 4.2.2(c). D¢pha 

Ventilation of fires and hot gases through windows, doors, or 
other openings in a structure greatly increases the velocity of 
the flow over combustible materials. In addition, well-vented 
fires burn with higher heat release rates. These factors, com- 


Hot gas layer 


bined with higher radiation temperatures, can act to burn wood Char GQ 
at a higher rate and can spall concrete or deform metal compo- al hy 
nents. Areas of great damage are indicators of a high heat Embers 


release rate, ventilation effects, or long exposure. Such areas, 
however, are not always the point of fire origin. For example, 
fire could spread from slow-burning fuels to rapid-burning fuels 
with the latter producing most of the fire damage. 
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4.2.2.1* Effects of Room Ventilation on Pattern Magnitude 
and Location. The ventilation of the room of fire origin has a 
great effect on the growth and heat release rate of a fire, and for 
this reason greatly affects pattern formation. It was found in lim- 
ited, full-scale testing that patterns that indicated areas of 
intense burning remote from the point of origin were observed 
and appeared to be from ventilation effects only. This result was 
observed in rooms that had flashover conditions where clean 
burn areas were produced under a window that had been bro- 
ken during the fire, away from the origin. It was observed as 
areas of intense burning on furniture items near a door open- 
ing as truncated cone patterns on walls opposite door openings. 


The effect of ventilation on the intensity of the fire, as well 
as the location, shape, and damage magnitude of patterns 
being used to determine the origin of the fire should be con- 
sidered. Where fresh air ventilation is available to a fire, it is 
not uncommon to find locally heavy damage patterns on com- 
bustible items close to the ventilation opening, patterns which 
may have no relevance to the point of origin. 


4.2.3 Hot Gas Layer—Generated Patterns. The radiant flux 
from the overhead hot gas layer can produce damage to the 
upper surfaces of contents and floor covering materials. This 
process commonly begins as the environment within the room 
approaches flashover conditions. Similar damage to floor sur- 
faces from radiant heat frequently occurs in adjacent spaces 
outside rooms that are fully involved in fire. Damage to hall- 
way floors and porches are examples. If the fire does not 
progress to full room involvement (see 3.5.3.2), the damage 
may include blistering, charring, or melting. Protected sur- 
faces may exhibit no damage. At this time in the fire develop- 
ment, a line of demarcation representing the lower extent of 
the hot gas layer may form on vertical surfaces. The degree of 
damage generally will be uniform except where there is drop 
down, burning of isolated items that are easily ignited, or pro- 
tected areas. Damage to the undersides of furnishings below 
the bottom of the hot layer is unlikely. 


4.2.4 Patterns Generated by Full Room Involvement. If a fire 
progresses to full room involvement (see 3.5.3.2), damage 
found at low levels in the room down to and including the 
floor can be more extensive due to the effects of high radiative 
flux and the convected heat from the descending hot gas 
layer. Damage can include charring of the undersides of fur- 
niture, burning of carpet under furniture, uniform burning 
around table legs, burning of baseboards and the undersides 
of doors, and burning on floor covering in corners. Holes can 
be burned through carpet and floors. The effects of protected 
areas and floor clutter on low burn patterns should be consid- 
ered (see 4.17.7.2 and 4.18.2). Although the degree of damage 
will increase with time, the extreme conditions of the full 
room involvement can produce major damage in a few min- 
utes, depending on ventilation and fuels present. 


4.3 Fire Patterns Defined. Fire patterns are the visible or 
measurable physical effects that remain after a fire. These 
include thermal effects on materials, such as charring, oxida- 
tion, consumption of combustibles, smoke and soot deposits, 
distortion, melting, color changes, changes in the character of 
materials, structural collapse, and other effects. 


4.3.1 Lines or Areas of Demarcation. Lines or areas of 
demarcation are the borders defining the differences in cer- 
tain heat and smoke effects of the fire on various materials. 
They appear between the affected area and adjacent unaf- 
fected or less affected areas. 


2001 Edition 


The production of lines and areas of demarcation, and the 
subsequent fire patterns that they define, depend on a combi- 
nation of variables: the material itself, the rate of heat release 
of the fire, fire suppression activities, temperature of the heat 
source, ventilation, and the amount of time that the material 
is exposed to the heat. 

For example, a particular material may display the same 
heat exposure patterns from exposure to a low-temperature 
heat source for a long period of time as to a high-tempera- 
ture heat source for a shorter period of time. The investiga- 
tor should keep this concept in mind while analyzing the 
nature of fire patterns. 


4.3.2 Surface Effect. The nature and material of the surface 
that contains the fire pattern will have a bearing on the shape 
and nature of the pattern itself. 

The shape and texture of the surface can affect the actual 
shape of the lines of demarcation displayed or increase or 
decrease the amount of pyrolysis and combustion by differing 
surface areas. If both a smooth and rough surface of the same 
material are exposed to the same source of heat, the rougher 
surface will sustain more damage. This is a result of the turbu- 
lence of the hot gases interacting with the surface as well as an 
increase in the surface-to-mass ratio. Differing surface cover- 
ings, such as paint, tiles, brick, wallpaper, plaster, and so forth, 
may increase or decrease the rate of heat treatment or burning. 

Combustible surfaces will be darkened by the beginnings of 
pyrolysis, be burned, or be in various stages of charring, 
including the total loss of material. Noncombustible surfaces, 
such as mineral materials or metals, may exhibit color 
changes, oxidation, physical distortions, or melting. 


4.3.3 Penetrations of Horizontal Surfaces. Penetration of 
horizontal surfaces, from above or below, can be caused by 
radiant heat, direct flame impingement, or localized smolder- 
ing with or without the effects of ventilation. 

Penetrations in a downward direction are often considered 
unusual because the more natural direction of heat movement 
is upward through the action of buoyancy. In fully flashed-over 
compartments, however, hot gases may be forced through 
small, pre-existing openings in a floor, resulting in a penetra- 
tion. Penetrations may also arise as the result of intense burning 
under furniture items such as polyurethane mattresses, 
couches, or chairs. Flaming or smoldering under collapsed 
floors or roofs can also lead to floor penetrations. Downward 
penetration, such as a hole burned into a floor or tabletop, may 
need to be noted and analyzed by the investigator. 

Whether a hole burned into a horizontal surface was cre- 
ated from above or below may be identified by an examination 
of the sloping sides of the hole. Sides that slope downward 
from above toward the hole are indicators that the fire was 
from above. Sides that are wider at the bottom and slope 
upward toward the center of the hole indicate that the fire was 
from below. (See Figure 4.3.3.) 

Another reliable means of determining whether a fire 
moved up through or down through a surface is to compare 
the extent of destruction on the two levels separated by the 
surface. If fire moved up through the surface, the damage to 
the bottom side of the penetrated surface will be more exten- 
sive when compared to the top side. The converse is true 
where the fire moved downward. 

It is, of course, possible for both upward and downward 
movement to occur through a hole during the course of a fire. 
The investigator should keep in mind that only the last move- 
ment through the hole may be evident. 
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FIGURE 4.3.3 Burn pattern with fire from above and below. 
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4.3.4 Loss of Material. Typically, when wood or other com- 
bustible surfaces burn, they lose material and mass. The 
shapes and quantities of remaining combustibles can them- 
selves produce lines of demarcation and, ultimately, fire pat- 
terns to be analyzed by the investigator. 

For example, the fact that the tops of wooden wall studs are 
burned away at progressively lower heights can be used in the 
“pointer and arrow” fire pattern analysis of fire spread. 


4.3.5 Victim Injuries. The investigator should carefully note 
and document the position and condition of any fire victims 
and their relationship to other objects or victims. Autopsy 
reports and medical records may provide useful information 
regarding burn damage. For example, burn damage patterns 
and protected areas can be used in a similar way as damage to 
furniture and other items discussed in previous sections. 


4.4 Types of Fire Patterns. There are two basic types of fire 
patterns: movement patterns and intensity patterns. These 
types of patterns are defined largely by the fire dynamics dis- 
cussed in Chapter 3. Often a systematic use of more than one 
type of fire pattern at a fire scene can be used in combination 
to lead back to the heat source that produced them. 


4.4.1 Movement Patterns. Flame and heat movement pat- 
terns are produced by the growth and movement of fire and the 
products of combustion away from an initial heat source. If 
accurately identified and analyzed, these patterns can be traced 
back to the origin of the heat source that produced them. 


4.4.2 Intensity (Heat) Patterns. Flame and heat intensity pat- 
terns are produced by the response of materials to the effects 
of various intensities of heat exposure. The various heat effects 
on a certain material can produce lines of demarcation. These 
lines of demarcation may be helpful to the investigator in 
determining the characteristics and quantities of fuel materi- 
als, as well as the direction of fire spread. 


4.5 Surface Effect of Char. Many surfaces are decomposed 
in the heat of a fire. The binder in paint will char and darken 
the color of the painted surface. Wallpaper and the paper sur- 
face of gypsum wallboard will char when heated. Vinyl and 
other plastic surfaces on walls, floors, tables, or counters also 
will discolor, melt, or char. Wood surfaces will char, but, 
because of the greater significance of wood char, it is being 
treated in greater detail in 4.5.1 through 4.5.5. 

The degree of discoloration and charring can be compared 
to adjacent areas to find the areas of greatest burning. 


4.5.1 Wood Char. Charred wood is likely to be found in 
nearly all structural fires. When exposed to elevated tempera- 
tures, wood undergoes chemical decomposition that drives off 


gases, water vapor, and various pyrolysis products as smoke. 
The solid residue that remains is mainly carbon. Char shrinks 
as it forms, and develops cracks and blisters. 


4.5.2* Rate of Charring. The depth of char measurements 
should not be relied on to determine the duration of the 
burning. The rule of 1 in. (2.54 cm) in 45 minutes for the 
rate of charring of pine is based on one set of laboratory con- 
ditions in a test furnace. Fires may burn with more or less 
intensity during the course of an uncontrolled fire than 
under a controlled laboratory fire. Actual laboratory char 
rates from exposure to heat from one side vary from 0.4 in. 
(1 cm) per hour at 750°F (390°C) to 10 in. (25.4 cm) per 
hour at temperatures approaching 2000°F (1090°C) in 
intense fires. Even these figures will vary with the species of 
the wood, orientation of the grain, moisture content, and 
other variables. Charring rate is also a function of the velocity 
of hot gases and the ventilation conditions. Fast-moving 
gases or ventilation can lead to rapid charring. 

The rate of charring and burning of wood in general has 
no relation to its age once the wood has been dried. Wood 
tends to gain or lose moisture according to the ambient tem- 
perature and humidity. Thus, old dry wood is no more com- 
bustible than new kiln-dried wood if they have both been 
exposed to the same atmospheric conditions. 

Overall, the use of the nature of char to make determina- 
tions about fuels involved in a fire should be done with careful 
consideration of all the possible variables that can affect the 
speed and severity of burning. 


4.5.3 Depth of Char. Analysis of the depth of charring is 
most reliable for evaluating fire spread, rather than for the 
establishment of specific burn times or intensity of heat from 
adjacent burning materials. By measuring the relative depth 
and extent of charring, the investigator may be able to deter- 
mine what portions of a material or construction were 
exposed the longest to a heat source. The relative depth of 
char from point to point is the key to appropriate use of char- 
ring — locating the places where the damage was most severe 
due to exposure, ventilation, or fuel placement. The investiga- 
tor may then deduce the direction of fire spread, with decreas- 
ing char depths being farther away from the heat source. 


4.5.3.1 Depth of Char Diagram. Lines of demarcation that 
may not be obvious can often be identified for analysis by a 
process of measuring and charting depths of char on a grid 
diagram. By drawing lines connecting points of equal char 
depth (isochars) on the grid diagram, lines of demarcation 
may be identified. 


4.5.3.2 Depth of Char Analysis. Certain key variables affect 
the validity of depth of char pattern analysis. These factors 
include the following. 


(a) Single versus multiple heat or fuel sources creating the 
char patterns being measured. Depth of char measurements 
may be useful in determining more than one fire or heat source. 

(b) Comparison of char measurements, which should be 
done only for identical materials. It would not be valid to com- 
pare the depth of char from a 2 in. by 4 in. stud to the depth 
of char of an adjacent wooden wall panel. 

(c) Ventilation factors influencing the rate of burning. 
Wood can exhibit deeper charring when adjacent to a ventila- 
tion source or an opening where hot fire gases can escape. 

(d) Consistency of measuring technique and method. 
Each comparable depth of char measurement should be made 
with the same tool and same technique. (See Chapter 13.) 
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4.5.3.3 Measuring Depth of Char. Consistency in the 
method of measuring the depth of char is the key to accurate 
figures. Sharp pointed instruments, such as pocket knives, 
are not suitable for accurate measurements. The sharp end 
of the knife will have a tendency to cut into the noncharred 
wood beneath. 


Thin, blunt-ended probes, such as certain types of calipers, 
tire tread depth gauges, or specifically modified metal rulers 
are best. 


The same measuring tool should be used for any set of 
comparable measurements. Nearly equal pressure for each 
measurement while inserting the measuring device is also nec- 
essary for accurate results. 


Char depth measurements, illustrated in Figure 4.5.3.3(a), 
should be made at the center of char blisters, rather than in or 
near the crevasses between blisters. Dial calipers with depth 
probes of round cross-section, shown in Figure 4.5.3.3(b), are 
excellent depth of char measurement tools. Figure 4.5.3.3 (c) 
illustrates their use. 


When determining the depth of charring, the investigator 
should take into consideration any burned wood that may 
have been completely destroyed by the fire and add that miss- 
ing depth of wood to the overall depth measurement. 


FIGURE 4.5.3.3(a) Measuring depth of char. 
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FIGURE 4.5.3.3(b) Dial calipers with depth probes. 
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FIGURE 4.5.3.3(c) Using dial calipers to measure depth of 
char. 
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4.5.4 Depth of Char Patterns with Fuel Gases. When fugi- 
tive fuel gases are the initial fuel sources for fires, they produce 
relatively even depths of char over the often wide areas that 
they cover. 

Progressive changes in depth of char that are used by inves- 
tigators to trace fire spread may exist only in those areas to 
which the fire spreads from the initial locations of the pock- 
eted fuel gases. 

Deeper charring may exist in close proximity to the point 
of gas leakage, as burning may continue there after the origi- 
nal quantity of gas is consumed. This charring may be highly 
localized because of the pressurized gas jets that can exist at 
the immediate point of leakage and may assist the investigator 
in locating the leak. 


4.5.5 Interpretation of Char. The appearance of the char 
and cracks has been given meaning by the fire investigation 
community beyond what has been substantiated by controlled 
experimentation. It has been widely stated that the presence 
of large shiny blisters (alligator char) is proof that a liquid 
accelerant was present during the fire. This is a misconcep- 
tion. These types of blisters can be found in many different 
types of fires. There is no justification that the appearance of 
large, curved blisters is an exclusive indicator of an accelerated 
fire. Figure 4.5.5, showing boards exposed to the same fire, 
illustrates the variability of char blister. 

It is sometimes claimed that the surface appearance of the 
char, such as dullness, shininess, or colors, has some relation 
to the use of a hydrocarbon accelerant or the rate of fire 
growth. There is no scientific evidence of such a correlation, 
and the investigator is advised not to claim indications of 
accelerant or fire growth rate on the basis of the appearance 
of the char alone. 

Depth of char is often used to estimate the duration of a 
fire. The rate of charring of wood varies widely depending 
upon such variables as the following: 


(1) Rate and duration of heating 

(2) Ventilation effects 

(3) Surface area to mass ratio 

(4) Direction, orientation, and size of wood grain 
(5) Species of wood (pine, oak, fir, etc.) 

(6) Moisture content 

(7) Nature of surface coating 
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FIGURE 4.5.5 Variability of char blister. 
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The investigator is cautioned that no specific time of burn- 
ing can be determined based solely on depth of char. 


4.6 Spalling. Spalling is the breakdown in surface tensile 
strength of concrete, masonry, or brick caused by exposure to 
high temperatures and rates of heating resulting in mechani- 
cal forces within the material. These forces are believed to 
result from one or more of the following: 


(1) Moisture present in uncured or “green” concrete 

(2) Differential expansion between reinforcing rods or steel 
mesh and the surrounding concrete 

(3) Differential expansion between the concrete mix and the 
aggregate (This is most common with silicon aggregates.) 

(4) Differential expansion between the fine-grained surface 
finished layers and the coarser-grained interior layers 

(5) Differential expansion between the fire exposed surface 
and the interior of the slab 


Spalling of concrete or masonry surfaces may be caused by 
heat, freezing chemicals, or abrasion. It may be induced more 
readily in poorly formulated or finished surfaces. Spalling is 
characterized by distinct lines of striation and the loss of sur- 
face material, resulting in cracking, breaking, and chipping or 
in the formation of craters on the surface. 

Spalling of concrete, masonry, or brick has often been 
linked to unusually high temperatures caused by burning 
accelerant. While spalling can involve high rates of heat 
release or a rapid change in temperature, an accelerant need 
not be involved. The primary mechanism of spalling is the 
expansion or contraction of the surface while the rest of the 
mass expands or contracts at a different rate. 

Spalled areas may appear lighter in color than adjacent 
areas. This lightening can be caused by exposure of clean sub- 
surface material. Adjacent areas may also tend to be sooted. 

Another factor in the spalling of concrete is the loading and 
stress in the material at the time of the fire. Since these high- 
stress or high-load areas may not be related to the fire location, 
spalling of concrete on the underside of ceilings or beams may 
not be directly over the origin of the fire. (See Figure 4.6.) 


4.6.1* Interpretations of Spalling. In the past, spalling of 
concrete at a fire scene has been thought to be a positive indi- 
cator of a liquid accelerant—involved fire. 

The rapid cooling of a heated mass of concrete, brick, or 
masonry can also cause spalling. A common source of rapid 
cooling in a fire is extinguishment by water. 


The presence or absence of spalling at a fire scene should 
not, in and of itself, be construed as an indicator of the pres- 
ence or absence of liquid fuel accelerant. The presence of 
ignitable liquids will not normally cause spalling beneath the 
surface of the liquid. The ability of the surface to absorb or 
hold the liquid may be a factor in the production of spalling, 
especially on horizontal surfaces such as concrete floors. For 
example, a painted or sealed concrete floor is unlikely to spall. 
Rapid and intense heat development from an ignitable liquid 
fire may cause spalling on adjacent surfaces, or a resultant fire 
may cause spalling on the surface after the ignitable liquid 
burns away. 

Since spalling can occur from sources other than fires, it is 
desirable to determine whether spalling was present prior to 
the fire. 

Overall, it should be noted that the importance of spalling 
to the fire investigator lies in the documentation and analysis 
of a heat source. 


4.7 Oxidation. Oxidation is the basic chemical process associ- 
ated with combustion. Oxidation of some materials that do not 
burn can produce lines of demarcation and fire patterns of use 
to fire investigators. For these purposes, oxidation may be 
defined as a combination of oxygen with substances such as 
metals, rock, or soil that is brought about by high temperatures. 

The effects of oxidation include change of color and 
change of texture. The higher the temperature and the longer 
the time of exposure, the more pronounced the effects of oxi- 
dation will be. Bare galvanized steel with mild heating will get 
a dull whitish surface from oxidation of the zinc coating. This 
oxidation also eliminates the protection that the zinc gave the 
steel. If the unprotected steel is wet for some time, it will then 
rust. Thus there can be a pattern of rusted compared to non- 
rusted galvanized steel. 

When uncoated iron or steel is oxidized in a fire, the sur- 
face first gets a blue-gray dullness. Oxidation can proceed to 
thick layers of oxide that can flake off. After the fire, if the 
metal has been wet, the usual rust-colored oxide may appear. 

On stainless steel surfaces, mild oxidation can give color 
fringes, and severe oxidation will give a dull gray color. 

Copper forms a dark red or black oxide when exposed to 
heat. The color is not significant. What is significant is that the 
oxidation can form a line of demarcation. The thickness of the 
oxide can show larger fire or more heat. The more it is heated, 
the greater the oxidation. These color changes can form lines 
of demarcation. Burn patterns created on metal appliance 
cabinets may be helpful in determining fire origin and direc- 
tion of travel. 
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Rocks and soil, when heated to very high temperatures, will 
often change colors that may range from yellowish to red. 

Soot and char are also subject to oxidation. The dark char 
of the paper surface of gypsum wallboard, soot deposits, and 
paint can be oxidized by continued exposure to fire heat. The 
carbon will be oxidized to gases and disappear from whatever 
surface it was on. This will result in what is known as clean 
burn. (See Section 4.11.) 


4.8 Melting of Materials. The melting of a material is a phys- 
ical change caused by heat. The border between the melted 
and solid portions of a fusible material can produce lines of 
heat and temperature demarcation that the investigator can 
use to define fire patterns. 

Many solid materials soften or melt at elevated tempera- 
tures ranging from a little over room temperature to thou- 
sands of degrees. A specific melting temperature or range is 
characteristic for each material. (See Table 4.8.) 

Melting temperatures of common metals range from as low 
as 338°F to 370°F (170°C to 188°C) for solder to as high as 
2660°F (1460°C) for steel. When the metals or their residues 
are found in fire debris, some inferences concerning the tem- 
peratures in the fire can be drawn. 

Thermoplastics melt at rather low temperatures, ranging 
from around 200°F (93°C) to near 750°F (400°C). They can 
also be consumed in a fire. Thus, the melting of plastics can give 
information on temperatures, but mainly where there have 
been hot gases and little or no flame in that immediate area. 

Glass melts or softens over a range of temperatures. Never- 
theless, glass can give useful information on temperatures dur- 
ing a fire. 


4.8.1 Temperature Determination. If the investigator knows 
the approximate melting temperature of a material, an esti- 
mate can be made of the temperature to which the melted 
material was subjected. This knowledge may assist in evaluat- 
ing the intensity and duration of the heating, the extent of 
heat movement, or the relative rates of heat release from fuels. 

When using such variable materials as glass, plastics, and 
white pot metals for making temperature determinations, the 
investigator is cautioned that there is a wide variety of melting 
temperatures for these generic materials. The best method 
for utilizing such materials as temperature indicators is to 
take a sample of the material and have its melting tempera- 
ture ascertained by a competent laboratory, materials scien- 
tist, or metallurgist. 

Wood and gasoline burn at essentially the same flame tem- 
perature. The turbulent diffusion flame temperatures of all 
hydrocarbon fuels (plastics and ignitable liquids) and cellulo- 
sic fuels are approximately the same, although the fuels 
release heat at different rates. 

The temperature achieved by an item at a given location 
within a structure or fire area depends on how much it is heated. 
The amount of heating depends on the temperature and velocity 
of the airflow, the geometry and physical properties of the heated 
item, its proximity to the source of heat, and the amount of heat 
energy present. Burning metals and highly exothermic chemical 
reactions can produce temperatures significantly higher than 
those created by hydrocarbon- or cellulosic-fueled fires. 

Identifiable temperatures achieved in structural fires rarely 
remain above 1900°F (1040°C) for long periods of time. These 
identifiable temperatures are sometimes called effective fire tem- 
peratures, for they reflect physical effects that can be defined by 
specific temperature ranges. The investigator can use the anal- 
ysis of the melting and fusion of materials to assist in establish- 
ing whether higher than expected heat energy was present. 
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Table 4.8 Approximate Melting Temperatures 
of Common Materials 


Material °F °C 
Aluminum (alloys) 1050-1200 566-650 
Aluminum? 1220 660 
Brass (yellow) 1710 932 
Brass (red)? 1825 996 
Bronze (aluminum)? 1800 982 
Cast iron (gray)* 2460-2550 1350-1400 
Cast iron (white)@ 1920-2010 1050-1100 
Chromium? 3350 1845 
Copper* 1981 1082 
Fire brick (insulating)* 2980-3000 1638-1650 
Glass* 1100-2600 593-1427 
Gold? 1945 1063 
Iron* 2802 1540 
Lead? 621 327 
Magnesium (AZ31B 1160 627 
alloy) 

Nickel# 2651 1455 
Paraffin 129 54 
Plastics (thermo) 
ABS¢ 190-257 88-125 
Acrylic# 194-221 90-105 
Nylon¢ 349-509 176-265 
Polyethylene 251-275 122-135 
Polystyrene 248-320 120-160 
Polyvinylchloride4 167-221 75-105 
Platinum? 3224 1773 
Porcelain@ 2820 1550 
Pot metal*® 562-752 300-400 
Quartz (SiO»)* 3060-3090 1682-1700 
Silver 1760 960 
Solder (tin)? 275-350 135-177 
Steel (stainless)> 2600 1427 
Steel (carbon)> 2760 1516 
Tin? 449 232 
Wax (paraffin)°¢ 120-167 49-75 
White pot metal* 562-752 300-400 


Zincé 707 375 


4From Baumeister, Avallone, and Baumeister III, Mark’s Standard 
Handbook for Mechanical Engineers. 

bFrom Lide, ed., Handbook of Chemistry and Physics. 

‘From NFPA Fire Protection Guide to Hazardous Materials. 

‘From Plastics Handbook. 

©From Glick and Gieck, Engineering Formulas. 


4.8.2 Alloying of Metals. The melting of certain metals may 
not always be caused by fire temperatures higher than the met- 
als’ stated melting point. It may be caused by alloying. 
During a fire, a metal with a relatively low melting point 
may drip onto other metals that do not often melt in fires. 
This phenomenon can also occur when component parts 
of a heated object are in contact with each other. If the 
lower-melting-temperature metal can mix with the higher- 
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melting-temperature metal, that mixture (alloy) will melt 
at a temperature less than the melting temperature of the 
higher-melting-temperature metal and in some cases less 
than that of either metal. Examples of relatively low-melt- 
ing-temperature metals are aluminum, zinc, and lead. (See 
Table 4.8.) Metals that can be affected by alloying include 
copper and iron (steel). Copper alloying is often found, 
but iron (steel) alloying might be found in only a few cases 
of sustained fire. 

Copper wiring and tubing or piping are often affected by 
alloying. Drips of low-melting-temperature metal may simply 
stick to the surface if the heating has been brief. With further 
heating, the low-melting-temperature metal will wet the sur- 
face and begin to mix. Aluminum can mix through the wire or 
wall of the tubing to give a yellow alloy at about 10 percent alu- 
minum, but that is not often found. More commonly, the alu- 
minum will mix in higher proportions and give a brittle silvery 
alloy. The surface of the spot of aluminum on the surface of 
the copper may appear gray, and the surface may be fairly dark 
near the copper—aluminum interface. Copper that has been 
alloyed with aluminum will be very brittle. For example, bend- 
ing copper wire at the point of alloying will likely cause it to 
break there. 

When zinc alloys with copper, a yellowish brass will result. 
Because zinc is less common in buildings than is aluminum, 
zinc alloying is not often encountered. 

Alloys do not form readily with steel in fires. However, if 
aluminum or zinc is heated for a long time with a steel object, 
that object may develop pits or holes from alloying. 

If fire evidence containing aluminum-alloyed copper is 
exposed to weather, the alloy may corrode away, leaving neat 
holes in tubing or blunt ends on wires. Those edges will not 
have the appearance of melting. 

Alloying may be confirmed by metallurgical analysis, and 
the alloy may be identified. When metals with high melting 
temperatures are found to have melted due to alloying, it is 
not an indication that accelerants or unusually high tempera- 
tures were present in the fire. 


4.9 Thermal Expansion and Deformation of Materials. Many 
materials change shape temporarily or permanently during 
fires. Nearly all common materials expand when heated. That 
expansion can affect the integrity of solid structures when they 
are made from different materials. If one material expands 
more than another material in a structure, the difference in 
expansion can cause the structure to fail. 

The bending of steel beams and columns in a fire above 
about 1000°F (538°C) is caused by the progressive loss of 
strength of the steel. The more the load on any unrestrained 
steel object, the more will be the deformation for a given time 
and temperature. Bending is not a matter of melting. Thermal 
expansion can also be a factor in the bending of the beam, if 
the ends of the beam are restrained. 

Plastered surfaces are also subject to thermal expansion. 
Locally heated portions of plaster walls and ceilings may expand 
and separate from their support lath. This breaking away of the 
plaster can produce lines or areas of heat demarcation display- 
ing V patterns, U patterns, and truncated cone patterns. 


4.10 Smoke and Soot. Fuels that contain carbon can form 
soot in their flames. Petroleum products and most plastics 
form soot most readily. When flames touch walls and ceilings, 
soot will commonly deposit. A specific deposit shows where 
there has been a particular fuel load. Soot also deposits on sur- 
faces by settling. Such general soot deposits show merely that 
soot formed nearby but do not indicate the specific source. 


Smoke and soot can collect on cooler surfaces of a building 
or its contents, often on upper parts of walls in rooms adjacent 
to the fire. Smoke, especially from smoldering fires, tends to 
condense on walls, windows, and other cooler surfaces. 
Because deposits of pyrolysis products tend to be widely dis- 
tributed, they do not help locate the exact point of origin. 

Smoke condensates are shades of brown, whereas soot is 
black. Smoke condensates can be wet and sticky, thin or thick, 
or dried and resinous. These deposits, after drying, are not 
easily wiped off. Where there has been open flame, the depos- 
its will likely be a mixture of soot and smoke. When smoke 
deposits are subsequently heated in a fire, the brown deposit 
may be changed in color, texture, and composition and may 
become darker or charred. 

Some fires might produce only dry soot deposits that wipe 
easily from windows or other surfaces. Floors and top surfaces 
of contents often get a coating of soot that settles on them dur- 
ing and after sooty fires. 

Both the carbonized smoke deposit and soot deposits can 
be burned off of windows or other surfaces by prolonged 
exposure to fire. 


4.11 Clean Burn. Clean burn is a phenomenon that appears 
on noncombustible surfaces when the soot and smoke con- 
densate that would normally be found adhering to the surface 
is burned off. This produces a clean area adjacent to areas 
darkened by products of combustion, as shown in Figure 4.11. 
Clean burn is produced most commonly by direct flame con- 
tact or intense radiated heat. 


FIGURE 4.11 Clean burn on wall surface. 


L 


Although they can be indicative of intense heating in an 
area, clean burn areas by themselves do not necessarily indi- 
cate areas of origin. The lines of demarcation between the 
clean burn and sooted areas may be used by the investigator to 
determine direction of fire spread or differences in intensity 
or time of burning. 
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The investigator should be careful not to confuse the clean 
burn area with spalling. Clean burn does not show the loss of 
surface material that is a characteristic of spalling. 


4.12 Calcination. The term calcination is used by fire investi- 
gators to cover the numerous changes that occur in plaster or 
gypsum wall surfaces during a fire. Calcination of a true plas- 
ter wall involves driving the chemically bound water out of the 
gypsum. 

The gypsum wallboard most often used has a more com- 
plex response to heat than plaster. First the paper surface will 
char and might also burn off. The gypsum on the side exposed 
to fire becomes gray from charring of the organic binder and 
destiffener in it. With further heating, the gray color will go all 
the way through, and the paper surface on the backside will 
char. The face exposed to fire will become whiter as the car- 
bon is burned away. When the entire thickness of wallboard 
has turned whitish, there will be no paper left on either face, 
and the gypsum will be dehydrated and converted to a crum- 
bly solid. Such a wallboard might stay on a vertical wall but will 
drop off of an overhead surface. Fire-rated gypsum wallboard 
has mineral fibers or vermiculite particles embedded in the 
gypsum to preserve the strength of the wallboard during fire 
exposure. The fibers add strength to the wallboard even after 
it has been thoroughly calcined. 

Color changes other than shades of gray may occur after 
gypsum wall surfaces are exposed to heat. The color itself has 
no significance to the fire investigator. However, the differ- 
ence between colors may show lines of demarcation. 

The relationship between the calcined and not calcined 
areas on plaster or gypsum wallboard can also display lines of 
demarcation. [See Figures 4.12(a) and 4.12(b).] 


FIGURE 4.12(a) Two instruments that can be used 
to measure the depth of calcination. 


4.12.1* General Indications of Calcination. The calcination 
of gypsum board is an indicator concerning the heat exposure 
sustained by the material. The areas of greatest heat exposure 
may be indicated by both visual appearance and the depth of 
calcination. The relative differences in color and depth of cal- 
cination from point to point may be used as an indicative tool 
to establish the areas of greater or lesser heat exposure due to 
all fire condition variables, such as area of origin, ventilation, 
and fuel load. 


4.12.2 Depth of Calcination Diagram. A depth of calcination 
diagram can be produced in the same manner as that for 
depth of char. (See 4.5.3.1.) 
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FIGURE 4.12(b) Measuring depth of calcination on a piece 
of gypsum wallboard. 


4.12.3 Depth of Calcination Analysis. Certain key variables 
affect the validity of depth of calcination analysis. These fac- 
tors include the following. 


(a) Single versus multiple heat or fuel sources, creating 
the calcination patterns being measured, should be consid- 
ered. Depth of calcination patterns may be useful in determin- 
ing multiple heat or fire sources. 


(b) Comparisons of depth of calcination measurements 
should be made only from the same material. It should be rec- 
ognized that gypsum wallboard comes in different thicknesses, 
uses different materials of construction, and does change with 
time. The investigator must carefully consider sections of walls 
or ceilings that may have had new sections inserted as a repair. 


(c) The finish of the gypsum wallboard (e.g., paint, wallpa- 
per, stucco) should be considered when evaluating depth of 
calcination. The investigator should recognize that some of 
these finishes are combustible and may affect the patterns if 
they are ignited. 


(d) Measurements should be made in a consistent fashion 
to eliminate errors in this data collection, as discussed in 
4.12.4. 


(e) Gypsum wallboard can be damaged during suppres- 
sion, overhaul and post-fire by hose streams and standing 
water to the point where little or no reliable measurements 
can be made. 


4.12.4 Measuring Depth of Calcination. The technique for 
measuring and analyzing depth of calcination can use a visual 
observation of cross sections or a probe survey. The visual 
method requires careful removal of small sections (minimum 
approximately 2 in. diameter) of walls or ceilings to observe 
and measure the thickness of the calcined layer. 


4.13 Window Glass. Many texts have related fire growth his- 
tory or fuels present to the type of cracking and deposits that 
resulted on window glass. There are several variables that 
affect the condition of glass after fire. These include the type 
and thickness of glass, rate of heating, degree of insulation to 
the edges of the glass provided by the glazing method, degree 
of restraint provided by the window frame, history of the flame 
contact, and cooling history. 
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4.13.1* Breaking of Glass. If a pane of glass is mounted in a 
frame that protects the edges of the glass from radiated heat 
of fire, a temperature difference occurs between the unpro- 
tected portion of the glass and the protected edge. Experi- 
mental research estimates that a temperature difference of 
about 158°F (70°C) between the center of the pane of glass 
and the protected edge can cause cracks that start at the edge 
of the glass. The cracks appear as smooth, undulating lines 
that can spread and join together. Depending on the degree 
of cracking, the glass may or may not collapse from its frame. 


Ifa pane of glass has no edge protection from radiated heat 
of fire, the glass will break at a higher temperature difference. 
Also, experimental research suggests that fewer cracks are 
formed, and the pane is more likely to stay whole. 


Glass that has received an impact will have a characteristic 
“cobweb” pattern. The cracks will be in straight lines and 
numerous. The glass may have been broken before, after, or 
during the fire. 


If flame suddenly contacts one side of a glass pane while the 
unexposed side is relatively cool, a stress can develop between 
the two faces and the glass can fracture between the faces. 


Crazing is a term used in the fire investigation community 
to describe a complicated pattern of short cracks in glass. 
These cracks may be straight or crescent-shaped and may or 
may not extend though the thickness of the glass. Crazing has 
been theorized as being the result of very rapid heating of one 
side of the glass while the other side remains cool. There is no 
published research to confirm this theory. However, there is 
published research establishing that crazing can be created by 
the rapid cooling of glass by the application of water spray in 
a hot environment. 


Occasionally with small size panes, differential expansion 
between the exposed and unexposed faces may result in the 
pane popping out its frame. 


The pressures alone developed by fires in buildings gener- 
ally are not sufficient either to break glass windows or to force 
them from their frames. Pressures required to break ordinary 
window glass are in the order of 0.3 psi to 1.0 psi (2.07 kPa to 
6.90 kPa), while pressures from fire are in the order of 
0.002 psi to 0.004 psi (0.014 kPa to 0.028 kPa). If an overpres- 
sure has occurred — such as a deflagration, backdraft, or det- 
onation — glass fragments from a window broken by the 
pressure will be found some distance from the window. For 
example, an overpressure of 1.5 psi (10.3 kPa) can cause frag- 
ments to travel as far as 100 ft (30.3 m). 


The investigator is urged to be careful not to make conclu- 
sions from glass-breaking morphology alone. Both crazing 
and long, smooth, undulating cracks have been found in adja- 
cent panes. The small craters or pits found in the surface of 
glass are believed to be the result of rapid cooling by water 
spray during fire suppression activities. 


4.13.2* Tempered glass, whether broken when heated by fire 
impact or when exploded, will break into many small cube- 
shaped pieces. Such glass fragments should not be confused 
with crazed glass. Tempered glass fragments are more regu- 
larly shaped than the complicated pattern of short cracks of 
crazing. 

Tempered glass is commonly found in applications where 
safety from breakage is a factor, such as in shower stalls, patio 
doors, TV screens, motor vehicles, and in commercial and 
other public buildings. 


4.13.3 Staining of Glass. Glass fragments that are free of soot 
or condensates have likely been subjected to rapid heating, 
failure early in the fire, or flame contact. The proximity of the 
glass to the area of origin or heat source and ventilation are 
factors that can affect the degree of staining. 

The presence of a thick, oily soot on glass, including hydro- 
carbon residues, has been interpreted as positive proof of the 
presence or use of liquid accelerant. Such staining can also 
result from the incomplete combustion of other fuels such as 
wood and plastics and cannot be exclusively interpreted as 
having come from an accelerant. 


4.14* Collapsed Furniture Springs. The collapse of furniture 
springs may provide the investigator with various clues con- 
cerning the direction, duration, or intensity of the fire. How- 
ever, the collapse of the springs cannot be used to indicate 
exposure to a specific type of heat source or ignition, such as 
smoldering ignition or the presence of an ignitable liquid. The 
results of laboratory testing indicate that the annealed springs, 
and the associated loss of tension (tensile strength), is a func- 
tion of the application of heat. These tests reveal that short- 
term heating at high temperatures and long-term heating at 
moderate temperatures over 750°F (400°C) can result in the 
loss of tensile strength and in the collapse of the springs. Tests 
also reveal that the presence of a load or weight on the springs 
while they are being heated increases the loss of tension. 

The value of analyzing the furniture springs is in compar- 
ing (comparative analysis) the differences in the springs to 
other areas of the mattress, cushion, frame, and so forth. Com- 
parative analysis of the springs can assist the investigator in 
developing hypotheses concerning the relative exposure to a 
particular heat source. For example, if at one end of the cush- 
ion or mattress the springs have lost their tension and the 
other end has not, then hypotheses may be developed. The 
hypotheses should take into consideration other circum- 
stances, effects (such as ventilation), and evidences at the 
scene concerning duration or intensity of the fire, area of ori- 
gin, direction of heat travel, or relative proximity of the heat 
source. In any event, the portion with the loss of spring 
strength may indicate greater relative exposure to heat than 
those areas without the loss of strength. 

Other circumstances and effects that may be considered 
along with analyzing the springs include the loss of mass and 
material or depth of char to the frame if constructed of wood. 
Similar analysis may also include color changes, possibly indi- 
cating intensity, in metal frames. 

Still other effects for comparative analysis include consider- 
ation of the covering material of the springs. The absence of 
material may indicate a portion closer to the source of heat, 
while the presence of materials may indicate an area more 
remote from the heat source. 

The investigator should also consider the condition of the 
springs prior to the fire. 


4.15 Location of Objects. Certain types of patterns can be 
used to locate the positions of objects as they were during a fire. 


4.15.1 Heat Shadowing. Heat shadowing results from an 
object blocking the travel of radiated heat, convected heat, or 
direct flame contact from its source to the material on which 
the pattern is produced. Conducted heat, however, does not 
produce heat shadowing. 

The object blocking the travel of the heat energy may be a 
solid or liquid, combustible or noncombustible. Any object 
that absorbs or reflects the heat energy may cause the produc- 
tion of a pattern on the material it protects. 


2001 Edition 


921-34 


FIRE AND EXPLOSION INVESTIGATIONS 


Heat shadowing can change, mask, or prohibit the produc- 
tion of identifiable lines of demarcation that may have 
appeared on that material. Patterns produced by the heat 
shadowing, may, however, assist the fire investigator in the 
process of reconstruction during origin determination. 


4.15.2 Protected Areas. Closely related in appearance to the 
resulting pattern of heat shadowing is a protected area. A pro- 
tected area results from an object preventing the products of 
combustion from depositing on the material that the object 
protects, or prevents the protected material from burning. 

The object preventing the depositing of products of com- 
bustion may be a solid or liquid, combustible or noncombusti- 
ble. Any object that prevents the settling of the products of 
combustion, or prevents the burning of the material, may pre- 
vent the development of a pattern on the material it protects. 
Figure 4.15.2 provides an example. 


FIGURE 4.15.2 Photograph on top, showing protected area; 
photograph at bottom, showing how the chair was positioned 
during the fire. 


Patterns produced by protected areas may, however, assist 
the fire investigator in the process of fire scene reconstruction 
during the origin determination by indicating the location of 
objects in their pre-fire locations. (See Section 15.7.) 


4.16 Locations of Patterns. Fire patterns may be found on 
any surface that has been exposed to the effects of the fire or 
its by-products. These surfaces include interior surfaces, exter- 
nal surfaces and structural members, and outside exposures 
surrounding the fire scene. 

Interior surfaces commonly include walls, floors, ceilings, 
doors, windows, furnishings, appliances, machinery, equip- 
ment, other contents, personal property, confined spaces, 
attics, closets, and the insides of walls. 

Exterior surfaces commonly include walls, eaves, roofs, 
doors, windows, gutters and downspouts, utilities (e.g., 
meters, service drops), porches, and decks. 
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Outside exposures commonly include outbuildings, adja- 
cent structures, trees and vegetation, utilities (e.g., poles, 
lines, meters, fuel storage tanks, and transformers), vehicles, 
and other objects. 


4.16.1 Walls, Ceilings, and Floors. Fire patterns are often 
found on walls, ceilings, and floors. As the hot gas zone and 
the flame zone of the fire plume encounter these obstruc- 
tions, patterns are produced that investigators may use to trace 
a fire’s origin. (See Chapter 3.) 


4.16.1.1 Walls. Patterns that are displayed on walls are the 
most noticeable. The patterns may appear as heat treatment 
lines of demarcation on the surfaces of the walls or may be man- 
ifested as deeper burning. Once the actual surface coverings of 
the walls are destroyed by burning, the underlying support 
studs can also display various patterns. These patterns are most 
commonly V patterns, U patterns, clean burn, and spalling. 


4.16.1.2 Ceilings. The investigator should not ignore pat- 
terns that occur on ceilings or the bottom surfaces of such hor- 
izontal constructions as tabletops or shelves. The buoyant 
nature of fire gases concentrate the heat energy at horizontal 
surfaces above the heat source. Therefore, the patterns that 
are created on the underside of such horizontal surfaces can 
be indicators of locations of heat sources. Although areas 
immediately over the source of heat and flame will generally 
experience heating before the other areas to which the fire 
spreads, circumstances can occur where fuel at the origin 
burns out quickly, but the resulting fire spreads to an area 
where a larger supply of fuel can ignite and burn for a longer 
period of time. This process can cause more damage to the 
ceiling than in the area immediately over the origin. 

These horizontal patterns are roughly circular. Portions of 
circular patterns are often found where walls meet ceilings or 
shelves and at the edges of tabletops and shelves. 

The investigator should determine the approximate center 
of the circular pattern and investigate below this center point 
for a heat source. 


4.16.1.3 Damaged Inside Walls and Ceilings. Fire damage to 
combustible construction elements behind walls and ceilings 
has sometimes been interpreted to mean that the fire started 
within the wall or ceiling. This may not always be correct. 

It is possible for the heat of a fire to be conducted through a 
wall or ceiling surface and to ignite wooden structural members 
within the wall or ceiling. The ability of the surface to withstand 
the passage of heat over time is called its finish rating. 

While the finish rating of a surface material only represents 
the performance of the material in a specific laboratory test 
(e.g., UL 263, Standard for Safety Five Tests of Building Construction 
and Materials) and not necessarily the actual performance of the 
material in a real fire, knowledge of the finish ratings concept 
can be of value to an investigator’s overall fire spread analysis. 

This heat transfer process can be observed by the charring 
of the wooden structural element covered by the protective 
membrane, shown in Figure 4.16.1.3. 


4.16.1.4* Floors. Floors should not be ignored by the investi- 
gator. Should flashover occur, the transition to flashover is 
associated with a radiant heat flux that exceeds approximately 
20 kW/m? (2 W/cm?) at a mean floor level, typical value for 
the radiant ignition of common combustible construction 
materials. Postflashover or full room involvement conditions 
can typically produce fluxes in excess of 170 kW/m? and may 
modify or obliterate pre-existing patterns. 
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FIGURE 4.16.1.3 Charring of wooden structural elements 
by heat conduction through wall surface material. 
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Since 1970, carpeting and rugs manufactured or imported 
to be sold in the United States have been resistant to ignition or 
fire spread. Typically, cigarettes or matches dropped on carpets 
will not set them on fire. ASTM D 2859, Standard Test Method for 
Flammability of Finished Textile Floor Covering Materials (Metha- 
namine Pill Test), describes the test used to measure the igni- 
tion characteristics of carpeting from a small ignition source. 
Carpeting and rugs passing the pill test will have very limited 
ability to spread flame or char in a horizontal direction when 
exposed to small ignition sources such as a cigarette or match. 


Fire will not spread across a room on the surface of these 
carpets or rugs without external help, such as from a fire exter- 
nal to the carpet, in which case the fire spread on the carpet 
will terminate at a point where the radiant energy from the 
exposing fire is less than the minimum needed to support 
flame spread on the carpet (critical radiant flux). Carpet is 
expected to burn when exposed to flashover conditions since 
the radiant heat flux that produces flashover exceeds the car- 
pet’s critical radiant flux. 


Burning between seams or cracks of floorboards or 
around door thresholds, sills, and baseboards may or may 
not indicate the presence of an ignitable liquid. If the pres- 
ence of an ignitable liquid is suspected, samples should be 
collected and laboratory tests should be used to verify their 
presence. (See Section 14.5.) 


Burning from full room involvement can also produce burn- 
ing of floors or around door thresholds, sills, and baseboards 
due to radiation, the presence of hot combustible fire gases, or 
air sources (ventilation) provided by the gaps in construction. 
These gaps can provide sufficient air for combustion of, on, or 
near floors (see 4.2.2). If the investigator develops a hypothesis 
that charring in these areas resulted from these effects, samples 
can also be taken to indicate an ignitable liquid was not present. 

Like other areas of low burning, holes burned in floors can 
be produced by the presence of ignitable liquids, glowing 


embers, or the effects of flashover or full room involvement. 
The collection of samples and laboratory verification of the 
presence or absence of ignitable liquid residues may assist the 
investigator in developing hypotheses and drawing conclu- 
sions concerning the development of the holes. 


Fire-damaged vinyl floor tiles often exhibit curled tile 
edges exposing the floor beneath. The curling of tile edges 
can frequently be seen in nonfire situations and is due to nat- 
ural shrinkage and curling of the tiles from loss of plasticizer. 
In a fire, the presence of radiation from a hot gas layer will 
produce the same patterns. This pattern can also be caused by 
ignitable liquids. Analysis for their presence may be difficult 
due to the presence of hydrocarbons in tile adhesives. 


Unburned areas present after a fire can reveal the location 
of content items that protected the floor or floor covering 
from radiation damage or smoke staining. 


4.16.2 Outside Surfaces. External surfaces of structures can 
also display fire patterns. In addition to the regular patterns, 
both vertical and horizontal external surfaces can display burn- 
through. All other variables being equal, these burn-through 
areas can identify areas of intense or long-duration burning. 


4.16.3 Building Contents. The sides and tops of building con- 
tents can form the bounding surfaces for fire patterns as well. 
Any patterns that can be produced on walls, ceilings, and floors 
can also be produced on the sides, tops, and undersides of 
chairs, tables, shelves, furniture, appliances, equipment, machin- 
ery, or any other contents. The patterns will be similar in shape 
but may only display portions of patterns because of their size. 


4.16.4 Elevation. Patterns can also be used to determine the 
height at which burning may have begun within the structure. 


4.16.4.1 Low Burn Patterns. It is common for the lowest por- 
tions of fire patterns to be closer to their heat sources. In gen- 
eral, fires tend to burn upward and outward from their 
origins. Fire plumes made up of the hot gases and airborne 
products of combustion are expanding and less dense than 
the surrounding air and are therefore buoyant. The growth in 
volume and buoyancy causes these heated products to rise and 
spread. The investigator should identify these areas of low 
burning and be cognizant of their possible proximity to a 
point of origin. The investigator should remember that in a 
compartment where the fire has transitioned through flash- 
over to the fully developed stage, burning down to floor level 
is not necessarily indicative of an origin at the floor level. 


4.16.4.2 Fall Down (Drop Down). The investigator should 
keep in mind that during the progress of a fire, burning debris 
often falls to lower levels and then burns upward from there. 
This occurrence is known as fall down or drop down. Fall down 
can ignite other combustible materials, producing low burn 
patterns that may be confused with the area of fire origin. 


4.17* Pattern Geometry. Various patterns having distinctive 
geometry or shape are created by the effects of fire and smoke 
exposure on building materials and contents. In order to iden- 
tify them for discussion and analysis, they have been described 
in the field by terms that are indicative of their shapes. While 
these terms generally do not relate to the manner in which the 
pattern was formed, the descriptive nature of the terminology 
makes the patterns easy to recognize. The discussion that fol- 
lows will refer to patterns by their common names and provide 
some information about how they were formed and their inter- 
pretation. Additional information can be found in Section 4.2. 
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Since the interpretation of all possible fire patterns can- 
not be traced directly to scientific research, the user of this 
guide is cautioned that alternative interpretations of a given 
pattern are possible. In addition, patterns other than those 
described may be formed. Definitive scientific research in 
this area has begun. Separate scientific research studies have 
begun to delve into the formation and interpretation of fire 
patterns. The two studies examined both pattern geometries 
and causal factors. 


4.17.1 V Patterns on Vertical Surfaces. The appearance of the 
V-shaped pattern is created by flames, convective or radiated 
heat from hot fire gases, and smoke within the fire plume. (See 
4.2.1.) The V pattern often appears as lines of demarcation (see 
4.3.1) defining the borders of the fire plume and less heated 
areas outside the plume. An example is shown in Figure 4.17.1. 


FIGURE 4.17.1 Typical V pattern showing wall and wood 
stud damage. 


The angle of the V-shaped pattern is dependent on several 
variables (see 4.2.1), including the following: 


(1) The heat release rate (HRR) and geometry of the fuel 

(2) The effects of ventilation 

(3) The ignitability of the vertical surface on which it appears 
and combustibility of the vertical surface on which they 
appear 

(4) The presence of interceding horizontal surfaces such as 
ceilings, shelves, table tops, or the overhanging construc- 
tion on the exterior of a building (See 4.2.1.) 


The angle of the borders of the V pattern does not indicate 
the speed of fire growth; that is, a wide V does not indicate a 
slowly growing fire, or a narrow V does not indicate a rapidly 
growing fire. 


4.17.2 Inverted Cone Patterns. Inverted cones are commonly 
caused by the vertical flame plumes of the burning volatile fuels 
not reaching the ceiling. 


4.17.2.1 Interpretation of Inverted Cone Patterns. Inverted 
cone patterns are manifestations of relatively short-lived fires 
that do not fully evolve into floor-to-ceiling flame plumes or 
flame plumes that are not vertically restricted by ceilings. 
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Because they often appear on noncombustible surfaces, they 
do not always readily spread to nearby combustibles. For this 
reason, many investigators have taken to inferring from these 
patterns that the fires that caused them were fast burning. 

The correct analysis of such patterns is that the burning was 
of relatively short duration rather than any relationship to the 
rate of heat release. That short duration occurred because 
additional fuel sources did not become involved after the ini- 
tial fuel was consumed. 

Inverted cone patterns have been interpreted as proof of 
flammable liquid fires, but any fuel source (leaking fuel gas, 
Class A fuels, etc.) that produces flame zones that do not 
become vertically restricted by a horizontal surface, such as a 
ceiling or furniture, can produce inverted cone patterns. 


4.17.2.2 Inverted Cone Patterns with Natural Gas. Leaking 
natural gas is prone to the production of inverted cone pat- 
terns. This is especially true in the case of natural gas if the 
leakage occurs from below floor level and escapes above at the 
intersection of the floor and a wall, as in Figure 4.17.2.2. The 
subsequent burning often does not reach the ceiling and is 
manifested in the production of the characteristic triangular 
inverted cone pattern shape. 


FIGURE 4.17.2.2 Inverted cone pattern fueled by a natural 
gas leak below the floor level. 


4.17.3 Hourglass Patterns. The plume of hot gases above a 
fire is composed of a hot gas zone shaped like a V and a flame 
zone at its base. The flame zone is shaped like an inverted V. 
When the hot gas zone is truncated by a vertical plane surface, 
the typical V pattern is formed. If the fire itself is very close to 
or in contact with the vertical surface, the resulting pattern will 
show the effects of both the hot gas zone and the flame zone 
together as a large V above an inverted V. The inverted V is 
generally smaller and may exhibit more intense burning or 
clean burn. The overall pattern that results is called an hour- 
glass. (See 4.2.1.) 


4.17.4 U-Shaped Patterns. U patterns are similar to the more 
sharply angled V patterns but display gently curved lines of 
demarcation and curved rather than angled lower vertices. 
(See Figure 4.17.4.) U-shaped patterns are created by the effects 
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of radiant heat energy on the vertical surfaces more distant 
from the same heat source than surfaces displaying sharp V 
patterns. The lowest lines of demarcation of the U patterns are 
generally higher than the lowest lines of demarcation of cor- 
responding V patterns that are closer to the fire source. 


FIGURE 4.17.4 Development of U-shaped pattern. 
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U patterns are analyzed similarly to V patterns, with the 
additional aspect of noting the relationship between the 
height of the vertex of the U pattern as compared to the height 
of the vertex of the corresponding V patterns. 

If there are two patterns from the same heat source, the 
one with the lower vertex will be closer to that heat source. 


4.17.5 Truncated Cone Patterns. Truncated cone patterns, 
also called truncated plumes, are three-dimensional fire pat- 
terns displayed on both horizontal and vertical surfaces. (See 
Figure 4.17.5.) It is the interception or truncating of the natu- 
ral cone-shaped or hourglass-shaped effects of the fire plume 
by these vertical and horizontal surfaces that causes the pat- 
terns to be displayed. Many fire movement patterns, such as V 
patterns, U patterns, circular patterns, and “pointer or arrow” 
patterns, are related directly to the three-dimensional “cone” 
effect of the heat energy created by a fire. 

The cone-shaped dispersion of heat is caused by the natu- 
ral expansion of the fire plume as it rises and the horizontal 
spread of heat energy when the fire plume encounters an 
obstruction to its vertical movement, such as the ceiling of a 
room. Thermal damage to a ceiling will generally extend 
beyond the circular area attributed to a “truncated cone.” The 
truncated cone pattern combines two-dimensional patterns 
such as V-shaped patterns, pointers and arrows, and U-shaped 
patterns on vertical surfaces, with the circular patterns dis- 
played on ceilings and other horizontal surfaces. 

The combination of more than one two-dimensional pat- 
tern on perpendicular vertical and horizontal surfaces gives 
the truncated cone pattern its three-dimensional character. 


FIGURE 4.17.5 Truncated cone pattern. 
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A theoretical demonstration of the truncated cone pattern 
is when the four vertical walls of a room each display varied V 
or U patterns, as well as circular or portions of circular pat- 
terns appearing on the ceiling. Corresponding patterns may 
also be discernible on the furnishings in the room. 


4.17.6 Pointer and Arrow Patterns. These fire patterns are 
commonly displayed on a series of combustible elements such 
as wooden studs or furring strips of walls whose surface sheath- 
ing has been destroyed by fire or was nonexistent. The 
progress and direction of fire spread along a wall can often be 
identified and traced back toward its source by an examina- 
tion of the relative heights and burned-away shapes of the wall 
studs left standing after a fire. In general, shorter and more 
severely charred studs will be closer to a source of fire than 
taller studs. The heights of the remaining studs increase as dis- 
tance from a source of fire increases. The difference in height 
and severity of charring will be noted on the studs, as shown in 
Figure 4.17.6(a). 


FIGURE 4.17.6(a) Wood wall studs showing decreasing 
damage as distance from fire increases. 
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The shape of the studs’ cross section will tend to produce 
“arrows” pointing back toward the general area of the source 
of heat. This is caused by the burning off of the sharp angles 
of the edges of the studs on the sides toward the heat source 
that produces them, as shown in Figure 4.17.6(b). 

More severe charring can be expected on the side of the 
stud closest to the heat source. 


4.17.7 Circular-Shaped Patterns. Patterns that are generally 
circular in shape are common at fire scenes. These patterns 
are never truly circular unless they represent areas that have 
been protected from burning by circular items, such as waste- 
baskets or the bottoms of furniture items. 
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FIGURE 4.17.6(b) Cross section of wood wall stud pointing 
toward fire. 
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4.17.7.1 Bottoms of Horizontal Surfaces. Patterns on the 
underside of horizontal surfaces, such as ceilings, tabletops, 
and shelves, can appear in roughly circular shapes. The more 
centralized the heat source, the more circular or nearly circu- 
lar the patterns may appear. 


Portions of circular patterns can appear on the underside 
of surfaces that partially block the heated gases or fire plumes. 
This appearance can occur when the edge of the surface 
receiving the pattern does not extend far enough to show the 
entire circular pattern or when the edge of the surface is adja- 
cent to a wall. 


Within the circular pattern, the center may show more heat 
treatment, such as deeper charring. By locating the center of 
the circular pattern, the investigator may find a valuable clue 
to the source of greatest heating, immediately below. 


4.17.7.2 Irregular Patterns. Irregular, curved, or “pool- 
shaped” patterns on floors and floor coverings should not be 
identified as resulting from ignitable liquids on the basis of 
observation of the shape alone. In cases of full room involve- 
ment, patterns similar in appearance to ignitable liquid burn 
patterns can be produced when no ignitable liquid is 
present. 


The lines of demarcation between the damaged and 
undamaged areas of irregular patterns range from sharp 
edges to smooth gradations depending on the properties of 
the material and the intensity of heat exposure. Denser mate- 
rials like oak flooring will generally show sharper lines of 
demarcation than thermoplastic (e.g., nylon) carpet. The 
absence of a carpet pad often leads to sharper lines. 


These patterns are common in situations of postflashover 
conditions, long extinguishing times, or building collapse. 
These patterns may result from the effects of hot gases, flam- 
ing and smoldering debris, melted plastics, or ignitable liq- 
uids. If the presence of ignitable liquids is suspected, 
supporting evidence such as the use of a combustible gas indi- 
cator, chemical analysis of debris for residues, or the presence 
of liquid containers should be sought. It should be noted that 
many plastic materials release hydrocarbon fumes when they 
pyrolize or burn. These fumes may have an odor similar to that 
of petroleum products and can be detected by combustible 
gas indicators when no ignitable liquid accelerant has been 
used. A “positive” reading should prompt further investigation 
and the collection of samples for more detailed chemical anal- 
ysis. It should be noted that pyrolysis products, including 
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hydrocarbons, can be detected in gas chromatographic analy- 
sis of fire debris in the absence of the use of accelerants. It can 
be helpful for the laboratory, when analyzing carpet debris, to 
burn a portion of the comparison sample and run a gas chro- 
matographic analysis on both. By comparing the results of the 
burned and unburned comparison samples with those from 
the fire debris sample, it may be possible to determine 
whether or not hydrocarbon residues in the debris sample 
were products of pyrolysis or residue of an accelerant. In any 
situation where the presence of ignitable liquids is suggested, 
the effects of flashover, airflow, hot gases, melted plastic, and 
building collapse should be considered. 


When overall fire damage is limited, however, and small, or 
isolated irregular patterns are found, the presence of ignitable 
liquids may be more likely, although the use of supporting evi- 
dence is still recommended. [See Figures 4.17.7.2(a) and 
4.17.7.2(b).] Even in these cases, radiant heating may cause the 
production of patterns on some surfaces that can be misinter- 
preted as liquid burn patterns. [See Figure 4.17.7. 2(c)]. 


Pooled ignitable liquids that soak into flooring or floor cov- 
ering materials as well as melted plastic can produce irregular 
patterns. These patterns can also be produced by localized 
heating or fallen fire debris. 


FIGURE 4.17.7.2(a) Irregular burn patterns on a floor 
of a room burned in a test fire in which no ignitable liquids 
were used. 


FIGURE 4.17.7.2(b) Irregularly shaped pattern on floor 
carpeting resulting from poured ignitable liquid. Burned 
match can be seen at lower left. 
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FIGURE 4.17.7.2(c) “Pool-shaped” burn pattern produced 
by a cardboard box burning on an oak parquet floor. 


4.17.7.3. Doughnut-Shaped Patterns. A distinct doughnut 
shaped pattern, where a roughly ring-shaped burn area sur- 
rounds a less burned area, may result from an ignitable liquid. 
When a liquid causes this pattern, shown in Figure 4.17.7.3, it is 
due to the effects of the liquid cooling the center of the pool as 
it burns, while flames at the perimeter of the doughnut produce 
charring of the floor or floor covering. When this condition is 
found, further examination should be conducted as supporting 
evidence to the presence of ignitable liquids. 


FIGURE 4.17.7.3 Doughnut-shaped fire pattern on a carpet- 
ed floor. 


4.17.8 Liquids Versus Melted Solids. Many modern plastic 
materials will burn. They react to heating by first liquefying, 
and then, when they burn as liquids, they produce irregularly 
shaped or circular patterns. When found in unexpected 
places, such patterns can be erroneously identified as flamma- 
ble or combustible liquid patterns and associated with an 
incendiary fire cause. 

Often the association of an ignitable liquid with a particular 
irregular pattern has been ruled out on the presumption that 
ignitable liquid vapors will always cause explosions. This is not 
the case. The expansion of the products of combustion from 
flammable liquids will cause explosions only if they are suffi- 
ciently confined to damage the structure or confining vessel 
and have the proper fuel—air mixture. (See 3.1.1.2 and 18.8.2.1.) 
Whether an explosion occurs is a function of the quantity of 
vaporized fuel present at the time of ignition, the presence of 
venting openings in the structure, and the strength and con- 
struction of the confining structure. 


The investigator should be careful to identify properly 
the initial fuel source for any irregularly shaped or circular 
patterns. 


4.17.9 Commercial Fuel Gas Patterns. The burning of the 
common commercial fuel gases, natural gas and liquefied 
petroleum (LP) gases, can provide distinctive fire patterns. 
Distinctive localized burning between ceiling joists, between 
interior vertical wall studs, and in the corners of ceilings of 
rooms is quite common and a good indicator of the presence 
of natural gas. 


Natural gas has a vapor density of 0.65; therefore, it is 
lighter than air and will rise when released. This property of 
natural gas will create gas pockets in the upper areas of rooms 
and structures. 


The LP-Gases, being heavier than air (with vapor densities 
of about 1.5 for propane and 2.0 for butane), also tend to 
pocket within a structure, though at low levels. However, the 
buoyant nature of their products of combustion when ignited 
prevents them from producing similar pocketing burn pat- 
terns as natural gas. 


4.17.10 Saddle Burns. Saddle burns are distinctive U- or sad- 
dle-shaped patterns that are sometimes found on the top 
edges of floor joists. They are caused by fire burning down- 
ward through the floor above the affected joist. Saddle burns 
display deep charring, and the fire patterns are highly local- 
ized and gently curved. These patterns are often created by 
the burning of liquid fuels, (not necessarily ignitable liquids). 
They also may be created by radiant heat from a burning mate- 
rial in close proximity to the floor (e.g., sofa). Ventilation 
caused by floor openings may also contribute to the develop- 
ment of these patterns, shown in Figure 4.17.10. 


FIGURE 4.17.10 Saddle burn in a floor joist. 
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4.18 Linear Patterns. Patterns that have overall linear or 
elongated shapes can be called linear patterns. They usually 
appear on horizontal surfaces. 


4.18.1 Trailers. In many incendiary fires, when fuels are 
intentionally distributed or “trailed” from one area to another, 
the elongated patterns may be visible. Such fire patterns, 
known as érailers, can be found along floors to connect sepa- 
rate fire sets, or up stairways to move fires from one floor or 
level within a structure to another, as shown in Figure 4.18.1. 
Fuels used for trailers may be ignitable liquids, solids, or com- 
binations of these. 
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FIGURE 4.18.1 Trailer running up a stairway. 


4.18.2 Protected Floor Areas. Often when the floor area is 
cleared of debris to examine damage, long, wide, straight pat- 
terns will be found, showing areas of extensive heat damage 
bounded on each side by undamaged or less damaged areas. 
These patterns often have been interpreted to be “trailers.” 
While this is possible, the presence of furniture, stock, counters, 
or storage may result in these linear patterns. These patterns 
may also result from wear on floors and the floor covering due 
to high traffic. Irregularly shaped objects on the floor, such as 
clothing or bedding, may also provide protection and produce 
patterns that may be inaccurately interpreted. 


4.18.3 Fuel Gas Jets. Jets of ignited fuel gases, such as LP-Gas 
or natural gas, can produce linear patterns or lines of demar- 
cation, particularly on noncombustible surfaces. 


4.19 Area Patterns. Some patterns may appear to cover 
entire rooms or large areas without any readily identifiable 
sources or beginnings. These patterns are most often formed 
when the fuels that create them are widely dispersed before 
ignition, or when the movement of the fire through the areas 
is very rapid, as in a flash fire. 


4.19.1 Flashover and Full Room Involvement. In the course 
of a flashover transition, fire spreads rapidly to all exposed 
combustible materials as the fire progresses to full room 
involvement. (See 3.5.3.2.) This process can produce relatively 
even burning on vertical surfaces. If the fire is terminated 
before full room involvement, relatively uniform burning can 
be evident above the bottom of the hot layer. When the fire 
has progressed to full room involvement, the area pattern may 
be uneven and may extend to the base of the wall. 


4.19.2 Flash Fires. The ignition of gases or the vapors of liq- 
uids does not necessarily always cause explosions. Whether or 
not an explosion occurs depends on the location and concen- 
tration of diffuse fuels and on the geometry, venting, and 
strength of the confining structure. (See Section 18.1.) 
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If the diffuse fuels are near the lower flammable or explo- 
sive limit (LEL) and there is no explosion, the fuels may burn 
as a flash fire, and there may be little or no subsequent burn- 
ing. In the instance where the first fuel to be ignited is a diffuse 
fuel—air mixture, the area of greatest destruction may not, and 
generally does not, coincide with the area where the heat 
source ignites the mixture. The greatest destruction will occur 
where the flash fire from the burning mixture encounters a 
secondary fuel load that is capable of being ignited by the 
momentary intense temperature in the flame front. Likewise, 
once secondary ignition occurs, the dynamics of the fire 
spread will be dictated by the compartment and fuel geometry 
and the relative heat release rates of these secondary fuels. 
The relatively short duration of the burning mixture may have 
little impact on the flashover in the compartment as com- 
pared to the burning of the secondary fuels. Therefore, origin 
determination of such a flash fire is dependent on accurate 
witness observations and the analysis of the potential ignition 
sources in the areas where the vapor or gas could have existed. 

Without accurate witness statements and careful analysis of 
potential ignition sources, the investigator is left with the anal- 
ysis of fire patterns as the only means of determining the ori- 
gin. The difficulty of this task is that the resultant ignition of 
the secondary fuels and compartment flashover can camou- 
flage the subtle patterns created by the flash fire. 

This difficulty is caused by the total consumption of the avail- 
able fuel without significantly raising the temperatures of other 
combustibles. In this case, the fire patterns may be superficial 
and difficult to trace to any specific point of ignition as in Figure 
4.19.2. In addition, separate areas of burning from pocket fuel 
gas may exist and further confuse the tracing of fire spread. 


FIGURE 4.19.2 _Blistering of varnish on door and slight 
scorching of draperies, the only indications of the natural gas 
flash fire. 


4.20 Material Distortion. Patterns can be seen in the physical 
change of shape and distortion of some objects that are sub- 
jected to the heat of the fire. 


4.20.1 Distorted Light Bulbs. Incandescent light bulbs can 
sometimes show the direction of heat impingement. As the 
side of the bulb facing the source of heating is heated and soft- 
ened, the gases inside a bulb of greater than 25 watts can begin 
to expand and bubble out the softened glass. This has been 
traditionally called a pulled light bulb, though the action is 
really a response to internal pressure rather than a pulling. 
The bulged or pulled portion of the bulb will be in the direc- 
tion of the source of the heating, as shown in Figure 4.20.1. 
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FIGURE 4.20.1 A typical “pulled” bulb showing that the 
heating was from the right side. 


Because they contain a vacuum, bulbs of 25 watts or less can 
be pulled inward on the side in the direction of the source of 
heating. 

Often these light bulbs will survive fire extinguishment efforts 
and can be used by the investigator to show the direction of fire 
travel. In evaluating a distorted light bulb, the investigator 
should be careful to ascertain that the bulb has not been turned 
in its socket by prior investigators or fire service personnel. 


4.20.2 Metal Construction Elements. Studs, beams, columns, 
and the construction components that are made of high-melt- 
ing-point metals, such as steel, can be distorted by heating. The 
higher the coefficient of thermal expansion of the metal, the 
more prone it is to heat distortion. The amount and location of 
distortion in a particular metal construction can indicate which 
areas were heated to higher temperatures or for longer times. 
(See Section 4. 9.) In some cases, elongation of beams can result in 
damage to walls, as shown in Figure 4.20.2. 


FIGURE 4.20.2 Damage to an outside brick wall caused by 
thermal expansion of an I-beam in the basement. 


Chapter 5 Building Systems 


5.1 Introduction. Understanding the reaction of buildings 
and building assemblies to fire is of prime importance to the 
fire investigator. Development, spread, and control of a fire 
within a structure often depends on the type of construction, 
the ability of structural elements to remain intact, and the 
interface of fire protection and other building systems. Inte- 
rior layout, occupant circulation patterns, interior finish mate- 
rials, and building services can be important factors in the 
start, development, and spread of the fire. This chapter will 
assist the investigator to specifically track and document build- 
ing systems as related to the fire. 

It should be noted that this chapter only highlights general 
building information. Included in the reference section are a 
number of related texts that will provide the investigator with 
the opportunity to obtain greater detail and understanding on 
building construction and building systems. More detailed 
information can be found in the 18th edition of the NFPA Five 
Protection Handbook. 

In addition to building design and construction elements, 
there are important fuel-oriented considerations for the fire 
investigator. For example, during the preflashover, growth 
stage of a fire the heat release rate of a fuel package has a sig- 
nificant influence on the rate of fire growth. (See Section 3.5.) 


5.2 Features of Design, Construction, and Structural 
Elements in Evaluating Fire Development. 


5.2.1 General. The architectural design of a building has a 
significant influence on its fire safety capabilities. Interior lay- 
out, circulation patterns, interior finish materials, and build- 
ing services are all important factors in fire safety. How the 
building design affects manual suppression of fires is another 
important consideration. 

The way a fire develops and spreads can be influenced by 
the building design in the way that the structure is planned, 
shaped, built, and by the materials chosen. The nature of the 
occupancy or purpose to which the structure is used can also 
affect the way it burns. The investigator must evaluate the fire 
development and spread in light of the knowledge that how 
the building is formed can influence these factors. 

Changes in occupancy types may create a hazard to fire- 
fighting efforts and may have an effect on the development of 
the fire. As an example, there can be an ordinary retail busi- 
ness that is then converted to a paint store that is deemed to 
be a hazardous occupancy. The increased fuel load will most 
probably affect fire intensity and spread, and the original 
design may be insufficient to withstand the fire. 


5.2.2 Building Design. Fire spread and development within a 
building is largely the effect of radiant and convective heating. 
In compartment fires, much of the fire spread is also a func- 
tion of the state of confinement of heated upper gas layers. 
For a given fuel package, room size, room lining material, 
shape, ceiling height, and the placement and areas of doors 
and windows can profoundly affect the formation of ceiling 
jets, radiation feedback, the production and confinement of 
upper gas layers, ventilation, flameover, and the time to flash- 
over of a compartment fire. All of these factors influence how 
a fire develops. 

Compartmentation is a primary fire protection concept. 
Keeping fire confined in its room of origin and minimizing 
smoke movement to other areas of a building have long been 
goals of fire protection engineering designers and fire code orga- 
nizations. The design of fire-resistive constructions, fire-stopped 
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pipe chases and utility openings in fire walls, and construction 
techniques that minimize smoke and flame movement can aid in 
effective compartmentation. Designs that are less fire safe have 
just the opposite effect. 

Extreme architectural designs such as atriums; large 
enclosed areas like stadiums or tunnels; and glass or unusual 
structural, wall, ceiling, roof, or finish materials also pose 
interesting considerations for the fire investigator, especially 
in the analysis of the way these features have affected fire 
growth and spread. 

Most of these aspects are initially under the control of the 
building architect or systems designers. Small changes in the 
specifications for a structure can have profound effects on the 
overall fire safety of the building. When necessary and possi- 
ble, the fire investigator should review design plans and fire 
code requirements for that structure. Modifications to struc- 
tural and nonstructural areas of the building may change the 
fire-resistive capability of the building. For example, existing 
ceilings that have added drop-down ceilings create a void and 
may have significant impact on the fire and smoke travel. 


5.2.2.1 Building Loads. The effects of undesigned loads, 
such as added dead and live loads, wind, water, and impact 
loads, may change the structural integrity of the building. 
Dead loads are the weight of materials that are part of a build- 
ing, such as the structural components, roof coverings, and 
mechanical equipment. Live loads are the weight of tempo- 
rary loads that need to be designed into the weight-carrying 
capacity of the structure, such as furniture, furnishings, equip- 
ment, machinery, snow, and rain water. Snow on the roof is an 
example of a live load; an additional layer of roofing is an 
example of a dead load. The function of a building’s structure 
is to resist forces. As long as these forces remain in balance, the 
building will stand, but when the balance is lost the building 
may collapse. Building loads may become unbalanced when a 
building is subjected to fire and the structural components of 
the structure are damaged. 


5.2.2.2 Room Size. For a given fuel package, that is, heat 
release rate, the room’s volume, ceiling height, size of the ven- 
tilation opening, and location of the fire will affect the rate of 
fire growth in the room. The speed of development of a hot 
gas upper layer, and the spread of a ceiling jet from the fire 
plume are among the important factors that determine if and 
when the room will flash over. Flashover, in turn, has a great 
effect on the spread of fire out of the room of origin. 

The ignition and burning of a fuel load in the room pro- 
duce heat, flame, and hot gases at a given rate. The area and 
volume of the room affect the time to flashover: the smaller 
the area and volume of the room, the sooner the room may 
flash over and the sooner the fire may spread outside the 
room, provided all other variables remain constant. Extremely 
large rooms may never have a sufficient heat energy transfer 
to cause flashover. 


5.2.2.3 Compartmentation. The common mode of fire spread 
in a compartmented building is through open doors, unen- 
closed stairways and shafts, unprotected penetrations of fire bar- 
riers, and non-fire-stopped combustible concealed spaces. Even 
in buildings of combustible construction, the common gypsum 
wallboard or plaster on lath protecting wood stud walls or wood 
joist floors provides a significant amount of resistance to a fully 
developed fire. When such barriers are properly constructed 
and maintained and have protected openings, they normally will 
contain fires of maximum expected severity in light-hazard occu- 
pancies. Even a properly designed, constructed, and maintained 
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barrier will not reliably protect against fire spread indefinitely. 
Fire can also spread horizontally and vertically beyond the room 
or area of origin and through compartments or spaces that do 
not contain combustibles. Combustible surfaces on ceilings and 
walls of rooms, stairways, and corridors, which in and of them- 
selves may not be capable of transmitting fire, will be heated and 
produce pyrolysis products. These products add to those of the 
main fire and increase the intensity and length of flames. Fire 
spread rarely occurs by heat transfer through floor/ceiling 
assemblies. Fire spread through floor/ceiling assemblies may 
occur in the later stages of fire development or through 
breaches of these assemblies. 

The investigator will want to analyze the reasons that com- 
partmentation of the fire failed or did not occur and which 
aspects of the design of the building may have been responsi- 
ble for this failure. 


5.2.2.4 Concealed and Interstitial Spaces. Concealed and 
other interstitial spaces can be found in most buildings. These 
spaces can create increased rates of fire spread and prolonged 
fire duration. Both of these factors aggravate the damage 
expected to be encountered. 

Interstitial spaces in a high-rise building are generally asso- 
ciated with the space between the building frame and interior 
walls and the exterior facade, and with spaces between ceilings 
and the bottom face to the floor or deck above. These spaces 
may lack fire stops, the lack of which aids in the vertical spread 
of fire. Those spaces provided with fire stops should be exam- 
ined to determine the type of fire stopping provided, if any. 

Fire investigators should consider the impact of con- 
cealed spaces when they conduct a fire investigation. Failure 
to consider the effects of fire travel through concealed spaces 
may lead to misreading the fire patterns. Care must be taken 
when examining areas such as attics, roofs, and lowered ceil- 
ings in rooms that can conceal fire and smoke until the fire 
is out of control. 


5.2.2.5 Planned Design as Compared to “As-Built” Condi- 
tion. The investigator should be aware that building specifi- 
cations, plans, and schematic drawings, prepared before 
construction are not always the “as-built” condition. After 
permit issuance or on-site inspections, the actual as-built 
conditions may not always have met the approved design. If 
necessary or possible, the investigator should verify the 
actual as-built condition. This verification can be accom- 
plished by an examination of the fire scene, or if this is not 
possible due to fire damage or the unavailability of the fire 
scene, by witness interviews. 


5.2.3 Materials. The nature of the materials selected and used 
in a building design can have a substantial effect on the fire 
development and spread. The nature of material is important 
from both its physical and chemical properties. How easily the 
material ignites and burns, resists heating, resists heat-related 
physical or chemical changes, conducts heat, and gives off toxic 
by-products are important to an overall evaluation of the design 
of the structure. 


5.2.3.1 Ignitability. How easily a specific material may be 
ignited, its minimum ignition temperature, minimum ignition 
energy, and a time-temperature relationship for ignition are 
basic considerations when the use of the material in a building 
design is evaluated. 


5.2.3.2 Flammability. Once a material is ignited, either in 
flaming or smoldering combustion, how it burns and trans- 
mits its heat energy is also a consideration for the fire investi- 
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gator. Such factors as heat of combustion, average and peak 
heat release rate, and perhaps even mass loss rate, can be 
important considerations in its overall fire safety and suitabil- 
ity for use. The entrainment of air has an important role in the 
way a fire develops upon the material. 


5.2.3.3 Thermal Inertia. The thermal inertia of a material 
(specific heat X density x thermal conductivity) is a key factor 
in considering the material’s reaction to heating and ease of 
ignition. These factors will need evaluation if the investigator 
is making determinations about the material’s suitability for 
use or its role in the transition to flashover of a compartment 
in which the material is a liner. 


5.2.3.4 Thermal Conductivity. Good conduction of heat from 
the surface of the fuel to its interior keeps the surface temper- 
ature lower than if it has poor conduction. Conduction 
impacts the change in temperature of the fuel. Conduction 
can be the means of transferring heat to the unexposed face 
of a material, such as a steel partition. 


5.2.3.5 Toxicity. Though not directly related to the develop- 
ment and spread of a fire, the toxicity of the products of com- 
bustion of a material are a very important consideration in the 
overall fire safety of a design. Materials that give off large quan- 
tities of poisonous or debilitating gases or products of combus- 
tion can incapacitate or kill fire victims long before any heat 
or flames reach them. Toxicity is an important issue for fire 
investigators involved in evaluating how the design and condi- 
tion of a building, building materials, and contents affected 
the occupants. In most fire situations, carbon monoxide is the 
dominant toxic species. This is particularly true of fire prod- 
ucts produced in a flashed-over space. 


5.2.3.6 Physical State and Heat Resistance. At what tempera- 
ture the material under scrutiny changes in phase from solid 
to liquid or liquid to gas may be a factor in evaluating its fire 
performance. In general, liquids require less energy to ignite 
than solids, and gases require still less energy than liquids. 


Characteristics of plastics, such as whether they are thermo- 
plastics (which transform from solids to liquids and then to 
ignitable gases) or thermoset plastics (which pyrolyze directly 
to ignitable gases), may affect whether they are selected as a 
structural or surface material. 

Materials that tend to melt and liquefy during the course of 
a fire may be more likely to cause fall-down damage or ignit- 
able liquid fire spread. The choice of such materials in the 
design of a structure could become important considerations 
to the fire investigator. 


5.2.3.7 Attitude, Position, and Placement. Many materials 
burn differently, depending upon their attitude, position, or 
placement within a building. Generally, materials burn more 
rapidly when they are in a vertical rather than horizontal posi- 
tion. For example, carpeting that is designed and tested to be 
used in a horizontal position, in full contact with a horizontal 
flat surface, may burn at a rate well below the maximum stan- 
dard set by code. When the same carpet material is mounted 
vertically as a wall covering or curtain, its flammability rating 
will often be exceeded. An adhesive may have an effect on the 
burning rate of the carpet. 

Flame spread ratings, commonly used in codes and stan- 
dards to quantify the flammability of a material, often rely 
upon the ASTM E 84, Standard Test Method for Surface Burning 
Characteristics of Building Materials, often called the Steiner 
Tunnel Test. The Steiner Tunnel Test burns a sample of the 


material in a horizontal attitude, suspended on the ceiling of 
the 24-foot long Steiner Tunnel. Many of the materials tested 
in the Steiner Tunnel are not designed or intended to be 
applied in building designs as ceiling coverings. The actual 
flame spread of the material as used in construction is often 
different and might bear no real relationship to its ASTM E 84 
rating. For similar materials ASTM E 84 usually will rank order 
them in terms of flame spread. This generalization breaks 
down if the tested material rapidly falls from the ceiling, as 
occurs with foam thermoplastic materials like polystyrene or 
thin film materials. 


5.2.4 Occupancy. When considering how the building ele- 
ments affected the way in which a fire developed and spread, 
the investigator should consider whether the occupancy was 
acceptable for the design and condition of the building. A 
change in the occupancy of a building can produce much 
greater fire loads, ventilation effects, total heats of combus- 
tion, and heat release rates than originally expected. For 
example, a warehouse that was originally designed to store 
automotive engine parts will have a totally different reaction to 
a fire if the occupancy is changed to the high-rack storage of 
large quantities of ignitable liquids. The original design may 
have been adequate for the first fuel load, but inadequate for 
the subsequent fuel load with its increased hazard. 


5.2.5 Computer Fire Model Survey of Building Component 
Variations. In analyzing the effects of building design upon 
the development, spread, and ultimate damage from a fire, 
the use of computer fire models can be very helpful. Through 
the use of models, the investigator can view the various effects 
of a number of design variables. By modeling differing build- 
ing design components, the investigator can see how the 
changes in a component can change the computed develop- 
ment and growth of the fire. 


5.2.6 Explosion Damage. The amount and nature of damage 
to a building from an explosion is also affected by the design 
of the structure. The stronger the construction of the exterior 
or interior confining walls, the more a building can withstand 
the effects of a low-pressure or slow rate-of-pressure-rise explo- 
sion. Conversely, the more brisant or demolishing damage will 
result from a high-pressure or rapid rate-of-pressure-rise 
explosion. The shape of the explosion-confining room can 
also have an effect on the resulting damage. See Chapter 18 
on explosions for more information. 


In a low order explosion, the more windows, doors, or 
other available vents within the confining structure, the less 
structural damage will be sustained. 


5.3 Types of Construction. The following discussion concern- 
ing the types of construction is based on the methods of con- 
struction and materials rather than the descriptions used in 
classification systems of the model building codes. When nec- 
essary, the fire investigator should obtain the building con- 
struction classifications and descriptions that are a part of the 
particular building code that is enforced in the jurisdiction in 
which the fire occurred and should use them as a part of the 
scene documentation. For further detail, the investigator is 
directed to the NFPA Fire Protection Handbook. 


The investigator should document the types of construc- 
tion by looking at the main structural elements. Documenta- 
tion may include main structural components, breaches, 
structural changes, or other factors that may influence struc- 
tural integrity or fire spread. 
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5.3.1 Wood Frame. Wood frame construction is often associ- 
ated with residential construction and contemporary light- 
weight commercial construction. Buildings with wood structural 
members and a masonry veneer exterior are considered wood 
frame. Lightweight wood frame construction is usually used in 
buildings of limited size. Floor joists in such construction are 
normally spaced 16 in. (406 mm) on center, and the vertical 
supports are often nominal 2 in. by 4 in. (50.800 mm by 101.600 
mm) or nominal 2 in. by 6 in. (50.800 by 152.400 mm) wall-bear- 
ing studs, again spaced 16 in. (406 mm) on center. Wood frame 
construction has little fire resistance because flames and hot 
gases can penetrate into the spaces between the joists or the 
studs, allowing fire spread outside of the area of origin. (See 
4. 16.1.3.) Wood frame construction is classified as Type V con- 
struction, as defined in NFPA 220, Standard on Types of Building 
Construction. 


Wood frame construction can be sheathed with a fire-resis- 
tive membrane (e.g., gypsum board, lath and plaster, mineral 
tiles) to provide up to 2-hour fire resistance when tested in 
accordance with ASTM E 119, Standard Methods of Tests of Fire 
Endurance of Building Construction and Materials. Such high fire 
resistances in frame construction are unusual but may be 
encountered in special occupancies such as one- or two-story 
nursing homes. 


5.3.1.1 Platform Frame Construction. Platform frame con- 
struction is the most common construction method currently 
used for residential and lightweight commercial construction. 
In this method of construction, separate platforms or floors 
are developed as the structure is built. The foundation wall is 
built; joists are placed on the foundation wall; then a subfloor 
is placed. The walls for the first floor are then constructed, 
with the ceiling joists placed on the walls. The rafter, ridge- 
pole, or truss construction methods are used for the roof 
assembly. An important fire concern other than the fact that 
combustible materials are used in construction is that there 
are concealed spaces in soffits and other areas for fire to 
spread without detection. 


Platform construction inherently provides fire barriers to 
vertical fire travel as a result of the configuration of the stud 
channels. However, these barriers in wood frame construction 
are combustible and may be breached over the course of the 
fire allowing the fire to spread to other spaces. Vertical fire 
spread may also occur in platform construction through utility 
paths, such as electrical, plumbing, and HVAC. Openings for 
utilities in wall stud spaces may allow easy passage of the fire 
from floor to floor. 


5.3.1.2 Balloon Frame. In this type of construction, the studs 
go from the foundation wall to the roofline. The floor joists 
are attached to the walls by the use of a ribbon board, which 
creates an open stud channel between floors, including the 
basement and attic. This type of construction is typical in 
many homes built prior to 1940. 


Almost all building codes have for many years required fire 
stopping of all vertical channels in balloon frame construc- 
tion. Where fire stopping is present, buildings of balloon 
frame construction respond to fire similarly to buildings of 
platform frame construction. Fire stopping can be in the form 
of wood boards or by filling of the void space with noncombus- 
tible materials, historically with brick or dirt, and more 
recently with insulation. Where such fire stops were not 
installed or later removed (typically to install a utility such as 
wiring, HVAG, or other services), balloon frame construction 
provides unobstructed vertical channels, in concealed spaces 
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behind interior finish, for rapid undetected vertical fire 
spread. Rapid fire spread and horizontal extension is further 
enhanced by the open connections of the floor joists to the 
vertical channels. Fire can spread upward to other floors or 
attic spaces and horizontally through floor spaces. Balloon 
frame construction will also allow fall down from above to 
ignite lower levels. Fire originating on lower levels can extend 
into the open vertical channels and may break out in one or 
more floors above where the fire originated. There can be 
more extensive burning at the upper level than where the fire 
originated. This result may be recognized by the attic fire that 
consumes the top of the structure while the fire actually origi- 
nated at some lower level. 


5.3.1.3 Plank and Beam. In plank and beam framing, a few 
large members replace the many small wood members used in 
typical wood framing; that is, large dimension beams more 
widely spaced (4 in. by 10 in. or 5 in. by 12 in. on 4 ft or 6 ft 
centers) replace the standard floor and/or roof framing of 
smaller dimensioned members (2 in. by 8 in. or 2 in. by 10 in. 
joists or rafters on 16 in. centers). The decking for floors and 
roofs is planking in minimum thickness of 2 in., as opposed to 
'/yin., °/g in., or 3/4 in. plywood sheeting. Instead of 2 in. by 
4 in. bearing partitions supporting the floor or roof joist or 
rafter systems, the beams are supported by posts. There is an 
identifiable skeleton of larger timbers that are visible. Gener- 
ally there is only a limited amount of concealed spaces to allow 
a fire to spread. This method of construction is often thought 
of as the ancestor to modern high-rise construction, as the 
major load-bearing portion of the structure is frame and the 
rest is filler. The exterior veneer finish is of no structural value. 
Most planks will be tongue and groove, which will slow the 
progress of the fire. 

This type of construction provides for larger spans of unsup- 
ported finish material than does framed construction. This 
property may result in failure of structural sections with large 
frame members still standing. Interior finishes in these con- 
structions often have large areas of exposed, combustible con- 
struction surface that may allow flame spread over its surface. 


5.3.1.4 Post and Frame. Post and frame construction is simi- 
lar to plank and beam construction in that the structure utilizes 
larger elements, and the frame included is provided to attach 
the exterior finish. An example of this construction is a barn, 
with the major support coming from the posts, and the frame 
providing a network for the exterior finish to be applied. 


5.3.1.5 Heavy Timber. Heavy timber is a construction type in 
which structural members, that is, columns, beams, arches, 
floors, and roofs, are basically of unprotected wood, solid or 
laminated, with large cross-sectional areas (8 or 6 in. in the 
smallest dimension depending on reference). No concealed 
spaces are permitted in the floors and roofs or other structural 
members, with minor exceptions. Floor assemblies are fre- 
quently large joists and matched lumber flooring (2 in. thick 
tongue and grooved usually end matched). 

When the term heavy timber is used in building codes and 
insurance classifications to describe a type of construction, it 
includes the requirement that all bearing walls, exterior or 
interior, be masonry or other 2-hour rated noncombustible 
materials. (See 5.3.3.) Many buildings have heavy timber ele- 
ments in combination with other materials such as smaller 
dimension wood and unprotected steel. 

Contemporary log homes use specially milled logs for the 
exterior walls and for many of the structural elements. The 
remainder of the construction is usually nominal 2 in. by 4 in. 
(50.800 mm by 101.600 mm) wood frame construction. Open 
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spans and spaces and large areas of combustible interior finish 
are common to this type of construction. Due to the interior 
finish, wood frame components, and open spaces, fire spread 
may be rapid. The rapid spread and failure frequently appears 
in conflict with the timber walls and structural elements that 
often remain standing. 


5.3.1.6 Alternative Residential Construction. While wood 
frame site-built is traditionally associated with residential con- 
struction, there are other forms and materials being utilized. 


5.3.1.6.1 Manufactured Homes (Mobile Homes). A manu- 
factured home is a structure that is transportable in one or 
more sections and that, in the traveling mode, is 8 ft (2.4 m) 
or more in width and 40 ft (12.2 m) or more in length or, 
when erected on site, is 320 ft? (29.7 m*) or more. This struc- 
ture is built on a permanent chassis (frame) and designed to 
be used as a dwelling with or without a permanent foundation 
when connected to the required utilities. In the U.S., since 
June 15, 1976, a manufactured home must be designed and 
constructed in accordance with 24 CFR 3280, “Manufactured 
Home Construction and Safety Standards (HUD Standard).” 

Manufactured homes consist of four major components or 
subassemblies: chassis, floor system, wall system, and roof sys- 
tem. The chassis is the structural base of the manufactured 
home, receiving all vertical loads from the wall, roof, and 
floor, and transferring them to stability devices that may be 
piers or footings or to a foundation. The chassis generally con- 
sists of two longitudinal steel beams, braced by steel cross 
members. Steel outriggers cantilevered from the outsides of 
the main beams bring the width of the chassis to the approxi- 
mate overall width of the superstructure. The floor system 
consists of its framing members, with sheet decking glued and 
nailed to the joists, fiberglass insulation blankets installed 
between the joists, and a vapor barrier sealing the bottom of 
the floor. Ductwork and piping are often installed longitudi- 
nally within the floor system. The floor finish is generally car- 
peting, resilient flooring, linoleum, or tile. 

In newer HUD Standard homes, exterior siding is metal, 
vinyl, or wood on wood studs, and interior surfaces of exterior 
walls are most often gypsum wallboard. In older, pre-HUD 
Standard homes, walls are typically wood studs with aluminum 
exterior siding, and combustible interior wall surfaces are usu- 
ally wood paneling. 

The roof system in HUD Standard homes consists of either 
the framed wood roof rafter and ceiling joist system or a wood 
truss system. Roof decking is generally oriented strand board 
or plywood attached to the top of the roof rafters or trusses. 
Finished roofing is often composition shingles. In newer HUD 
Standard units, gypsum wallboard may be attached directly to 
the bottom of the ceiling joists or to the bottom chords of the 
trusses. Blown rock wool or cellulose insulation or insulation 
blankets provide the roof insulation. In older, pre-HUD Stan- 
dard homes, exterior roofing is often galvanized steel or alu- 
minum. Interior ceiling surfaces may be combustible material 
or gypsum wallboard. 

Steel tie plates reinforce connections between wall and 
floor systems. Diagonal steel strapping binds the floors and 
roof into a complete unit. 

Older units that consist of metal exteriors and interiors of 
wood paneling may experience fires of greater intensity and 
rapidity than fires in site-built single family structures. The 
short burn-through time of the walls and ceiling results in 
quick involvement of the stud walls and the roof supports and 
decking. These units tend to have smaller rooms that may 


result in greater fuel load per cubic foot than generally exist 
in other housing. The exterior metal shell results in increased 
radiation heat feedback after it is exposed to an interior fire. 
Metal roofing nominally prevents auto vertical ventilation that 
results in greater fire involvement. 

In newer homes, the use of gypsum wallboard on walls and 
ceilings, reduced flame spread ratings of materials around 
heating and cooking equipment, and mandatory smoke detec- 
tors, where maintained and operable, tends to result in fire 
incidents similar to those seen in traditional site-built homes 
of wood frame construction. In older, pre-HUD Standard 
units, combustible interior finish ignition of combustible 
materials adjacent to heating and cooking equipment and 
lack of smoke detectors are among identified fire problems. 


5.3.1.6.2 Modular Homes. A modular home is constructed in 
a factory and placed on a site-built foundation, all or in part, 
in accordance with a standard adopted, administered, and 
enforced by the regulatory agency, or under reciprocal agree- 
ment with the regulatory agency, for conventional site-built 
dwellings. 


5.3.1.6.3 Steel Frame Residential Construction. Many build- 
ers today are adopting steel framing for residential building. 
As cold-formed steel construction is becoming more prevalent 
in residential building, the model building codes are address- 
ing the structural and fire safety characteristics of steel fram- 
ing. Steel framing has many similarities to conventional wood 
framing construction. Steel framing methods are available for 
site-built (balloon or platform), panelized, and _pre-engi- 
neered systems. Steel, like masonry construction, is noncom- 
bustible; however, steel framing can lose its structural capacity 
under severe exposure to heat. Tests have demonstrated that 
exposed steel beams and joists that may exist in unfinished 
spaces may fail in periods as short as 3 minutes during flash- 
over fire conditions. 


5.3.1.7 Manufactured Wood Structural Elements. Laminated 
timbers will behave similarly to heavy timbers until the heat of 
the fire begins to affect the structural stability adversely. If fail- 
ure occurs, the investigator should document the overall 
dimensions of the beam as well as the dimensions of the glued 
pieces. Laminated beams are like heavy timber because their 
mass will remain and support loads longer than dimension 
lumber and unprotected steel beams. Laminated beams are 
generally designed for interior use only. The effects of weather 
may decrease the load-bearing capabilities of the beam and 
should be considered if the beam has been exposed to water 
or other similar conditions. 

Wood “I beams” are constructed with small dimension or 
engineered lumber, as the top and bottom chord, with ori- 
ented strand board or plywood as the web of the beam. Newer 
floor joist assemblies can be made totally of laminated top and 
bottom chords with “chip” plywood. These members are gen- 
erally thinner than the floor joists and typical structural mem- 
bers they replace. As a result, burn-through of the web and 
resulting failure can occur more quickly than is generally pre- 
dicted with the use of dimensional lumber. Also increasing the 
rate of web burn-through is the use of fabricated lumber, such 
as plywood and oriented strand board, which may have adhe- 
sive failure, causing delamination and disintegration. The fail- 
ure can cause early collapse of floor/ceiling assemblies. 
Breaches in the web for utilities may allow for fire spread 
through the spaces and result in earlier failure. Unlike wood 
trusses, wood I beams will confine fire to the joist space for a 
period of time. 
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Wood trusses are similar to trusses of other materials in 
their general design and construction. The truss members are 
often fastened using nail or gusset plates. The gussets can lead 
to earlier failure than burn-through of the members. This fail- 
ure occurs because the metal gussets conduct heat rapidly into 
the wood, causing charring, and because the actual fastening 
penetrating tines are short. The charring causes the wood to 
“release” the gusset, leading to collapse of the truss. Failure of 
one truss will induce loads on adjacent trusses that may lead to 
a rapid collapse. 


5.3.2 Ordinary Construction. The difference between ordi- 
nary and frame construction lies mostly with the construction 
of the exterior walls. In frame construction, the load-bearing 
components of the walls are wood. In ordinary construction, 
the exterior walls are masonry or other noncombustible mate- 
rials. The interior partitions, floor, and roof framing are wood 
assemblies and, in general, utilize either the platform or 
braced framing methods. Ordinary construction is classified 
as Type II construction as defined in NFPA 220, Standard on 
Types of Building Construction. 

There are a number of factors that affect fire spread in this 
type of construction, including combustible materials and 
open vertical shafts. In addition to these items, there may be 
many other factors that can influence fire spread, including 
multiple ceilings, utility penetrations, structural failure, and 
premature collapse. 


5.3.3 Mill Construction. Mill construction is a type of heavy 
timber construction where there are only beams and no girders 
so that the span of the floor is one bay. This creates small bays 
in the building but produces a strong resistance to ignition and 
an extended ability to maintain its load and to resist burn- 
through during fire. Semi-mill construction is similar but pro- 
duces larger bays through the utilization of both beams and 
girders. Semi-mill buildings have a strong resistance to burn- 
through and have the ability to maintain their load-carrying 
capability during fire conditions, though the capability is usu- 
ally considered a little less than that of full mill construction. 


5.3.4 Noncombustible Construction. Noncombustible con- 
struction is principally used in commercial, industrial, storage, 
and high-rise buildings. The major structural components are 
noncombustible. The major feature of interest in noncombusti- 
ble construction is that the structure itself will not add fuel to the 
fire and will not directly contribute to fire spread. Noncombusti- 
ble construction may or may not be fire-resistive construction, 
although all construction has some inherent fire resistance. 

Brittle materials, such as brick, stone, cast iron, and unrein- 
forced concrete, are strong in compression but weak in ten- 
sion and shear. Columns and walls, but not beams, can be 
constructed of these materials. Ductile materials such as steel 
will deform before failure during fire conditions. If this is in 
the elastic range of the member, it will resume its previous 
shape with no loss of strength after the load is removed. If it is 
in its plastic range, the member will be permanently 
deformed, but may continue to bear the load. In either event, 
elongation or deformation can produce building collapse or 
damage. 


5.3.4.1 Metal Construction. Exposed steel beams and joists 
typically exist in unfinished spaces. These exposed elements 
have been shown by test to fail in as little as 3 minutes in a typ- 
ical flashed-over fire exposure. 

The structural elements used in noncombustible construc- 
tion are primarily steel, masonry, and concrete. Wrought-iron 
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elements can be encountered in older buildings, and copper 
and alloys such as brass and bronze are used primarily in deco- 
rative rather than load-bearing applications. Aluminum is rarely 
encountered as a structural element, although it is used in cur- 
tain wall construction and as siding in both combustible and 
noncombustible construction. Aluminum will melt at a temper- 
ature well below those encountered in fires. A consideration 
with aluminum and steel is that they may conduct electricity 
when an electrical fault comes in contact with the metal. This 
conduction may result in what appears to be a secondary point 
of origin. Concrete and masonry will generally absorb more 
heat than steel because these materials require more mass to 
obtain the necessary strength relative to steel. Concrete and 
masonry are good thermal insulators, so they do not heat up 
quickly and do not transfer heat quickly into or through them. 
Steel is a good conductor of heat, so it will absorb heat and 
transfer heat much faster than masonry or concrete. 

Steel will lose its ability to carry a load at much lower tem- 
peratures than will concrete or masonry and will fail well 
below temperatures encountered in a fire. Steel structural ele- 
ments can distort, buckle, or collapse as a result of fire expo- 
sure. Wrought iron will withstand higher temperatures than 
steel but even wrought iron columns can distort when exposed 
to building fires. The susceptibility of a steel structural ele- 
ment to damage in a fire depends on the intensity and dura- 
tion of the fire, the size of the steel element, and the load 
carried by the steel element. 

Although all construction assemblies have some inherent 
fire resistance, fire-rated assemblies are types that have been 
tested under specific procedures established for hourly fire 
ratings. Fire resistance ratings may refer to a structural sys- 
tem’s ability to support a load during a fire or to prevent the 
spread of a fire. Fire resistance ratings are determined on the 
basis of a specific test and will not necessarily indicate how 
long a system will perform in any actual fire. 


5.3.4.2 Concrete or Masonry Construction. Other major 
construction materials include concrete and masonry. These 
materials have an inherent resistance to effects from fire due 
to their mass, high density, and low thermal conductivity. 

Concrete and masonry are found in many forms and appli- 
cations. Masonry assemblies and concrete have high strength 
in compression and relatively low strength in tension. Conse- 
quently, both need reinforcement for tensile strength. 

Fireground failures in these types of materials generally 
relate to reinforcement failure and failure in the connection 
between components. Reinforcement failure can result from 
heat transfer through the concrete or masonry, or from sur- 
face spacing and exposure of the reinforcement to the fire 
temperatures. Connections generally are made of steel, and 
their failures occur at temperatures well within the range 
found in structure fires. 


5.4 Construction Assemblies. Assemblies, as used in this chap- 
ter, can be described as a collection of components, such as 
structural elements, to form a wall, floor/ceiling, or other. 
Components may be assemblies such as doors that form a part 
of a larger complete unit. The way assemblies react in a fire 
often influences how the fire grows and spreads, as well as how 
they maintain their structural integrity during the fire. Assem- 
blies are often interdependent, and failure of one may con- 
tribute to failure of another. 

Assemblies may or may not be fire resistance rated; how- 
ever, most assemblies will provide some resistance to fire. It 
also should be noted that most assemblies are not rated for 
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smoke penetration with the exception of smoke control damp- 
ers. Scene documentation should include what was there for 
later comparison with applicable code requirements. 

An assembly without a rating means that we do not know 
what the standard fire tests would indicate, given the failure 
time under the test fire conditions. 

Assemblies are rated for a specific fire test criterion and 
under test conditions. The actual fire conditions found in the 
structure may be more severe and may cause the assembly to 
fail at a time that is actually less than the hourly rating assigned 
as a result of the fire test. Failure of an assembly in and of itself 
is not an indicator of the cause of the fire; however, it is appro- 
priate to determine the circumstances associated with the fail- 
ure of the assembly. 

When assemblies are evaluated after a fire, consideration 
should be given to any local deficiency of a component in the 
overall assembly, such as a hole in the wall, missing tiles in a 
ceiling, or even a door blocked open. 


5.4.1 Floor/Ceiling/Roof Assemblies. Floor/ceiling assem- 
blies fail in a number of ways, including collapse, deflection, dis- 
tortion, heat transmission, or penetration of fire allowing 
vertical fire spread. Failure depends on a number of factors, 
including the type of structural elements; the protection of the 
elements; and span, load, and beam spacing. Rated floor assem- 
blies are tested for fire exposure from below and not from 
above. There are limited experimental data for fires burning 
downward, which can occur in a number of mechanisms such 
as hot layer radiation or drop down. Live loads and water weight 
can contribute to the collapse of floors and ceilings. 

Penetrations are regularly found in floor/ceiling assemblies. 
Penetrations are often used to provide access for utilities, HVAC 
systems, plumbing, computer data and communication, and 
other functions. Penetrations in fire-rated floor/ceiling assem- 
blies are required to be sealed to maintain the rating. Unsealed 
penetrations facilitate the passage of fire and smoke through the 
floor/ceiling assembly. 

Roof assemblies affect structural stability during the fire 
rather than the resistance to the spread of the fire. Roofs can 
have a major impact on the fire dynamics if the roof fails in a fire. 


5.4.2 Walls. Walls perform a number of fire safety-related 
functions, the most obvious of which is compartmentation, 
which tends to limit fire spread. Compartment walls are con- 
structed to various standards, ranging from nonrated parti- 
tions to self-supporting parapeted fire walls. 

Walls may or may not be fire rated and rated walls may or 
may not be load bearing. Also, load-bearing walls may be fire 
rated even though their function is not to stop the spread of 
fire. The fire wall will not be effective if it is not continuous 
through the ceiling and attic section of the structure. 

A fire wall is a wall separating buildings or subdividing a 
building to prevent the spread of fire and having a fire resis- 
tance rating and structural stability. 

A fire barrier wall is a wall, other than a fire wall, having a 
fire resistance rating. Fire walls and fire barrier walls do not 
need to meet the same requirements as smoke barriers. 

Smoke barriers are continuous membranes, either vertical 
or horizontal, such as a wall, floor, or ceiling assembly, 
designed and constructed to restrict the movement of smoke. 
A smoke barrier might or might not have a fire resistance rat- 
ing. Such barriers might have protected openings. 

Penetrations are regularly found in wall assemblies. The 
penetrations often are used to provide access for doors, utilities, 
HVAC systems, plumbing, computer data and communication, 


and other functions. Penetrations in fire-rated wall assemblies 
are required to be sealed to maintain the rating. Unsealed pen- 
etrations facilitate the passage of fire and smoke through the 
wall assembly, allowing the fire to spread horizontally. 


A fire barrier wall is not required to be constructed of non- 
combustible materials. Fire barrier walls constructed of combus- 
tible materials include the use of wood studs with type X 
gypsum board on the exterior surfaces. Where the structure has 
a load-bearing party wall assembly, combustible materials can 
again be used. In this instance, there are two separate stud walls 
built; the exterior finish is gypsum board; between the two stud 
walls plywood is attached; and there is an air space between the 
walls. Most requirements for a fire barrier wall will have type X 
on both sides of the wall to make it fire resistive. 


There are a number of other walls found in structures. 
While these walls have not been subjected to fire tests in order 
to be rated, they will still provide some resistance to the spread 
of fire within a building. 


5.4.3 Doors. Doors may be a key factor in the spread of fire. 
Doors can be made of a variety of materials and be fire rated or 
non-fire rated. It should be noted that if there is a door opening 
in a fire-rated wall or partition, it would be required to be pro- 
vided with an appropriate fire-rated door, installed as an entire 
assembly. Fire-rated door assemblies are required to include 
rated frames, hinges, closures, latching devices, and if provided 
(and allowed), glazing. Fire doors may be of wood, steel, or steel 
with an insulated core of wood or mineral material. While some 
doors have negligible insulating value, others may have a heat 
transmission rating of 250°F, 450°F, and 650°F (121°C, 232°C, 
and 343°C). This means the doors will limit temperature rise on 
the unexposed side to that respective value when exposed to the 
standard time-temperature for 30 minutes. This insulating value 
aids egress, particularly in stairwells in multistory buildings, and 
provides some protection against autoignition of combustibles 
near the opening’s unexposed side. In addition to the rating of 
the door, to be effective in limiting the spread of fire from one 
compartment to another, the door must be closed. The position 
of doors can change during and after a fire for a variety of rea- 
sons, including automatic closure systems, personnel movement, 
and fire suppression activities. 


5.4.4 Concealed Spaces. Concealed spaces are inaccessible 
areas of a structure such as the interstitial space above a ceil- 
ing, below a floor, soffits, or between walls. Attics are not con- 
sidered to be concealed spaces because they are accessible. 
Concealed spaces provide a hidden path for fire to grow or 
spread without being identified early in the event. By the time 
fire moves out of the concealed space, it often has already 
spread extensively throughout the structure. Fires in con- 
cealed spaces are difficult to extinguish. Concealed spaces are 
found in almost all types of construction and may have built-in 
fire protection features such as sprinklers, barriers, and auto- 
matic detection. The presence, performance, or absence of 
these protective features may have a dramatic effect on pro- 
gression of the fire. For those concealed spaces identified as 
noncombustible, all components, materials, or equipment 
used in the construction of the concealed space must be of 
noncombustible or fire-resistive assemblies, or must have been 
provided with listed fire-protective coating. Concealed spaces 
normally classified as noncombustible may still contain some 
combustible materials such as fire-retardant-treated lumber, 
communications and power wiring cable, and plastic pipe. 
Fires can still start and spread in concealed spaces that are clas- 
sified as noncombustible. 
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Chapter 6 Electricity and Fire 


6.1 Introduction. This chapter discusses the analysis of elec- 
trical systems and equipment. The primary emphasis is on 
buildings with 120/240-volt, single-phase electrical systems. 
These voltages are typical in residential and commercial build- 
ings. This chapter also discusses the basic principles of physics 
that relate to electricity and fire. 


Prior to beginning an analysis of a specific electrical item, 
it is assumed that the person responsible for determining the 
cause of the fire will have already defined the area or point of 
origin. Electrical equipment should be considered as an igni- 
tion source equally with all other possible sources and not as 
either a first or last choice. The presence of electrical wiring 
or equipment at or near the origin of a fire does not necessar- 
ily mean that the fire was caused by electrical energy. Often 
the fire may destroy insulation or cause changes in the appear- 
ance of conductors or equipment that can lead to false 
assumptions. Careful evaluation is warranted. 


Electrical conductors and equipment that are used appro- 
priately and protected by properly sized and operating fuses 
or circuit breakers do not normally present a fire hazard. How- 
ever, the conductors and equipment can provide ignition 
sources if easily ignitable materials are present where they 
have been improperly installed or used. A condition in the 
electrical wiring that does not conform to the NFPA 70, 
National Electrical Cod&, might or might not be related to the 
cause of a fire. 


6.2 Basic Electricity. 


6.2.1 The purpose of this section is to present basic electrical 
terms and concepts briefly and simply in order to develop a 
working understanding of them. 


6.2.2 Water flowing through a pipe is familiar to everyone. 
This phenomenon has some similarities to electrical current 
flowing in an electrical system. Because of these similarities, a 
limited comparison between a hydraulic system and an electri- 
cal system can be used to understand an electrical system. 


6.2.3 Table 6.2.3 shows the basic elements of a hydraulic sys- 
tem along with the corresponding elements of an electrical 
system. 


6.2.4 In a hydraulic system, a pump is used to create the 
hydraulic pressure necessary to force water through pipes. In 
an electrical system, a generator is used to create the necessary 
electrical pressure to force electrons through a conductor. 
This electrical pressure is voltage. The amount of hydraulic 
pressure is expressed in pounds per square inch (psi) and can 
be measured with a pressure gauge. The amount of electrical 
pressure is expressed in volts and is measured with a voltmeter. 


6.2.5 In the hydraulic system, it is water that flows in a useful 
way. In the electrical system, it is electrons that flow in a useful 
way. This flow is called electrical current. The amount of water 
flow is expressed in gallons per minute (gpm) and may be 
measured with a flowmeter. The amount of electrical current 
is expressed in amperes (A) and may be measured with an 
ammeter. Electric current can be either direct current (dc), 
such as supplied by a battery, or alternating current (ac), such 
as supplied by the electric utility companies. 
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Table 6.2.3 Elements of Hydraulic and Electrical 
Systems Compared 


Elements of a 


Hydraulic System Elements of an Electrical System 
Pump Generator 
Pressure Voltage (potential or electromo- 
tive force) 
Pounds per square inch Volts (V) 
(psi) 
Pressure gauge Voltmeter 
Water Electrons 
Flow Current 


Gallons per minute (gpm) Amperes (A) 


Flowmeter Ammeter 
Valve Switch 
Friction Resistance (ohms) 


Friction loss Voltage drop 


Pipe size — inside Conductor size — AWG No. 


diameter 


6.2.6 Direct current flows in only one direction, as in a circulat- 
ing water system, while alternating current flows back and forth 
with a specific frequency. In the United States, the frequency of 
60 hertz, or 60 cycles per second, is used. For the majority of 
applications encountered in this text, it is satisfactory to visual- 
ize ac circuits as if they were the more easily understood de cir- 
cuits. Notable exceptions include transformers and many 
electric motors that will not work on direct current. In addition, 
three-phase circuits and single-phase circuits that are not prin- 
cipally resistive cannot be analyzed in the same way as direct cur- 
rent circuits or common single-phase ac circuits. The specific 
differences between the behavior of alternating current versus 
direct current are beyond the scope of this document. 


6.2.7 The water pipe provides the pathway for the water to 
flow. In the electrical system, conductors such as wires provide 
the pathway for the current. 


6.2.8 Ina closed circulating hydraulic system (as opposed to a 
fire hose delivery system where water is discharged out of the 
end), water flows in a loop, returning to the pump, where it is 
circulated again through the loop. When the valve is closed, 
the flow stops everywhere in the system. When the valve is 
opened, the flow resumes. An electrical system must be a 
closed system, in that the current must flow in a loop or in a 
completed circuit. When the switch is turned on, the circuit is 
completed and the current flows. When the switch is turned 
off, the circuit is opened and current flow stops everywhere in 
the circuit. This voltage drop is called potential or electromo- 
tive force, as shown in Figure 6.2.8. 


6.2.9 Friction losses in pipes result in pressure drops. Electrical 
friction (i.e., resistance) in conductors and other parts also 
results in electrical pressure drops or voltage drops. To express 
resistance as a voltage drop, Ohm’s law must be used. (See 6.2. 13.) 

When electricity flows through a conducting material, such as 
a conductor, a pipe, or any piece of metal, heat is generated. The 
amount of heat depends on the resistance of the material 
through which the current is flowing and the amount of current. 
Some electrical equipment, such as a heating unit, is designed 
with appropriate resistance to convert electricity to heat. 
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FIGURE 6.2.8 Typical components of water and electrical 
systems. 
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drop Motor 
Generator Voltmeter 


Amperes 


(b) Electrical System 


6.2.10 The flow of water in a pipe at a given pressure drop is 
controlled by the pipe size. A larger pipe will allow more gal- 
lons per minute of water to flow than will a smaller pipe at a 
given pressure drop. Similarly, larger conductors allow more 
current to flow than do smaller conductors. Conductor sizes 
are given American Wire Gauge (AWG) numbers. The larger 
the number, the smaller the conductor diameter. Small con- 
ductors, such as No. 22 AWG, are used in telephone and other 
signal circuits where small currents are involved. Larger con- 
ductors, such as Nos. 14, 12, and 10 AWG, are used in residen- 
tial circuits. The larger the diameter (and hence the larger the 
cross-sectional area) of the conductor, the lower the AWG 
number and the less the resistance of the conductor. This 
means that a No. 12 AWG copper conductor will be allowed to 
conduct a larger current than a smaller No. 14 AWG copper 
conductor. (See Figure 6.2.10.) 


FIGURE 6.2.10 Conductors. American Wire Gauge (AWG) 
sizes, diameters of cross sections, and resistance of conduc- 
tors commonly found in building wiring. 

Solid Copper Wire 


Resistance in ohms 
per 1000 ft (305 m) 


Diameter at 158°F (70°C) 
14 AWG—— @ —— .064 in. (1.63 mm) 3.4 
12 AWG—— @ —— __.081 in. (2.06 mm) 2.0 
10 AWG —— @ —— 102 in. (2.60 mm) 1.2 


6.2.11 The ampacity of a conductor is the current in 
amperes a conductor can carry continuously under the con- 
ditions of use without exceeding its temperature rating. 
This depends on the ambient temperature the conductor is 
operating in as well as other factors, such as whether the 
conductor is in conduit with other conductors carrying sim- 
ilar current, alone, or in free air, and so forth. For example, 
Table 310.16 of NFPA 70, National Electrical Code, lists the 
ampacity of No. 8 AWG copper conductor with TW insula- 
tion (moisture-resistant thermoplastic) as 40 amperes. This 
rating is based on an ambient temperature of 86°F (30°C) 
and on being installed in a conduit or raceway in free air 
containing no more than three conductors. Any changes — 
such as more conductors in a raceway, higher ambient tem- 
perature, or insulation around the conduit — that reduce 
the loss of heat to the environment will decrease the ampac- 
ity. This same size conductor is rated at 50 amperes with 
THWN insulation (moisture- and heat-resistant thermoplas- 
tic); the THWN insulation has a temperature rating of 167°F 
(75°C) compared to 140°F (60°C) for the TW insulation. 
The temperature rating of the insulation is the maximum 
temperature at any location along its length that the con- 
ductor can withstand for a prolonged period of time without 
serious degradation. 


The ampacity values for a conductor depend on the heat- 
ing of the conductor caused by the electric current, the ambi- 
ent temperature that the conductor is operating in, the 
temperature rating of the insulation, and the amount of heat 
dissipated from the conductor to the surroundings. Current 
passing through an aluminum conductor generates more heat 
than the same current passing through a copper conductor of 
the same diameter; the ampacity of an aluminum conductor is 
less than that for the same size copper conductor. Also, the 
ampacity of a conductor is reduced when it is operated at an 
elevated temperature or when it is covered with a material that 
provides thermal insulation. Conversely, the actual ampacity 
of a single conductor in open air or in a conduit will be higher 
than that given in the tables. The actual as-used ampacity may 
be an important consideration in evaluating the cause of elec- 
trical faulting. 

A safety factor is included in ampacity values. Simply dem- 
onstrating that ampacity has been exceeded does not mean 
the fire had an electrical ignition source. 


6.2.12 Some conductor materials conduct current with less 
resistance than do other materials. Silver conducts better than 
copper. Copper conducts better than aluminum. Aluminum 
conducts better than steel. This means that a No. 12 AWG cop- 
per conductor will have less resistance than the same size No. 
12 AWG aluminum conductor. There will be less heat gener- 
ated in a copper conductor than in an aluminum conductor 
for the same current and AWG size. 


6.2.13 Ohm’s law states that the voltage (see Figure 6.2.13) 
in a circuit is equal to the current multiplied by the resis- 
tance, or 


E=I1xR 


where: 
E= voltage 
T= current 


R= resistance 
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FIGURE 6.2.13 Ohm?’s law in a simple circuit. 


[ voltage ] 


R (resistance) = 7 amperage 


V (voltage) = / (amperage) x RF (resistance) 


[ voltage | 
resistance 


| (amperage) = ¥ 


Voltage (£) is measured in volts, current (J) is measured in 
amperes, and resistance (R) is measured in ohms. 


Using this simple law, the voltage drop can be found if the 
current and resistance are known. Rearranging the terms, we 
can solve for current if voltage and resistance are known: 


voltage volts 


current = : or amperes = 
resistance ohms 


Also, resistance can be found if the current and voltage are 
known: 


: voltage volts 
resistance = ——®— or ohms= ————— 
current amperes 

A voltmeter and an ammeter can be used to determine the 
resistance. If the resistance and the voltage can be measured, 
the amperage can be calculated. 


6.2.14 When electrons are moved (electrical current) through a 
resistance, electrical energy is spent. This energy may appear in a 
variety of ways such as light in a lamp or heating of a conductor. 
The rate at which energy is used is called power. The amount of 
power is expressed in watts (W). A 100 W lightbulb generates 
more light and heat than a 60 W lightbulb. (See Figure 6.2.14.) 


FIGURE 6.2.14 The power, in watts (P), consumed by 
a lightbulb, a product of the current (J) squared and the 
resistance (R) of the lightbulb. 


Ammeter 


(2) | 
Generator Voltmeter t 
R 


Energy may be expressed in many different ways. For elec- 
trical applications, energy is usually measured in watt-seconds 
or watt-hours. A watt-second is equal to 1 joule, and a watt- 
hour is equal to 3600 joules (3.413 Btu). 
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6.2.15 Power in electrical systems (P) is measured in watts. 
Resistive appliances such as a hair dryer or lightbulb are rated 
in watts. Power is computed as shown in the Ohm’s law wheel, 
in Figure 6.2.15. The relationships among power, current, 
voltage, and resistance are important to fire investigators 
because of the need to find out how many amperes were 
drawn in a specific case. See Figure 6.2.15 for a summary of 
these relationships. If, for example, several appliances were 
found plugged into one extension cord or many appliances 
were plugged into several receptacles on the same circuit, the 
investigator could calculate the current draw to find whether 
the ampacity of the conductor was exceeded. 


FIGURE 6.2.15 Ohm’s law wheel for resistive circuits. 


E = voltage (volts) 
R= resistance (ohms) 
| = current (amperes) 
P= power (watts) 


For example, a hair dryer designed to operate on 120 volts 
draws 1500 watts: 


power (P) _ 1500 watts 


Cen) oitise (8) 120 Sole 


= 12.5 amperes 


voltage (E’) 120° volts 


NOMAGS A = eo NOW = 9 GiGh 
nore. (ean 


resistance (R) = 


To check results, do the following computation: 


volts (F) = 1x R= 12.5 x 9.6 = 120 V 


‘ 2 
watts = (D)°x R= (12.5) x9.6 = 1500 W 


6.2.16 The following example will show how to find the total 
amperes, assuming the heater and circuit protection are 
turned on and are carrying current. A portable electric heater 
and cooking pot are plugged into a No. 18 AWG extension 
cord. The heater is rated at 1500 W and the cooking pot is 900 
W. The previous relationships showed that current equaled 
power divided by voltage. 


watts (P) ee 1500 
volts (V) 120 


= 12.5 A for the heater 


amperes(J/) = 


ELECTRICITY AND FIRE 


921-51 


watts (P) fe 900 
volts (V) 120 


7.5 A for the pot 


amperes(J) = 


The total amperage of a circuit is the sum of the amper- 
age of each device that is plugged into the circuit. The total 
amperage for a circuit consisting of three receptacles is the 
total amperage of all devices plugged into these receptacles. 
Similarly, the total amperage on an extension cord is the 
sum of the amperage of each device plugged into the exten- 
sion cord. 

In the example illustrated in Figure 6.2.16, the calculated 
amperages were 12.5 and 7.5, so the total amperage of that 
extension cord when both appliances were operating was 
12.5 + 7.5 = 20.0 A. Tables of allowable ampacities [from NFPA 
70, National Electrical Code, Table 400.5 (a) ] show that the max- 
imum current should be 10 A in the No. 18 AWG extension 
cord. Therefore, the cord was carrying an overcurrent. The 
question to be determined is whether this created an overload. 
Did the overcurrent last long enough to cause dangerous over- 
heating? In a situation such as shown in Figure 6.2.16, where 
it appears an overload existed, it is necessary to show that these 
conditions will create enough temperature rise to cause igni- 
tion. An overload is not absolute proof of a fire cause. If an 
overload occurred, this cord could be considered as a possible 
ignition source, particularly if the heat was confined or 
trapped, such as under a rug or between a mattress and box 
spring, preventing dissipation. 

A similar situation exists when a short circuit occurs by 
conductor-to-conductor contact. This is by definition a con- 
nection of comparatively low resistance. As seen by Ohm’s 
law, when the resistance goes down, the current goes up. 
Although a short circuit does cause a large current flow, the 
circuit overcurrent protection devices normally prevent this 
current from flowing long enough to cause overheating of 
the conductors. 


6.3 Building Electrical Systems. 


6.3.1* General. This section provides a description of the elec- 
trical service into and through a building. It is intended to assist 
an investigator in recognizing the various devices and in know- 
ing generally what their functions are. The main emphasis is on 
the common 120/240 V, single-phase service with limited infor- 
mation on three-phase and higher voltage service. This section 
does not provide detailed information on codes. That informa- 
tion should come from the appropriate documents. 


6.3.2 Electrical Service. 


6.3.2.1 Single-Phase Service. Most residences and small 
commercial buildings receive electricity from a transformer 
through three conductors, either overhead from a pole or 
underground. The two insulated conductors, called the hot 
legs or phases, have their alternating currents flowing in 
opposite directions (reversing 120 times per second for 
60-cycle power) so that they go back and forth at the same 
instant but in opposite directions (180 out of phase). This 
alternating current is called single phase. The third conduc- 
tor is grounded to serve as the neutral conductor, and it may 
be uninsulated. The voltage between either of the hot con- 
ductors and the grounded conductor is 120 V, as shown in 
Figure 6.3.2.1(a). The voltage between the two hot conduc- 
tors is 240 V. The incoming conductors are large multi- 
stranded cables intended to carry large currents safely. As 


illustrated in Figure 6.3.2.1(b), they all may hang sepa- 
rately, or the two hot conductors may be wrapped around 
the neutral in a configuration called a triplex drop. 


FIGURE 6.2.16 Total current calculation. 


Electrical load, 
cooking pot: 900 W 


Ammeter 20A 
> 


bees aod 
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bges = SEU EN Ss 
Electrical ‘ad 


portable electric 
heater: 1500 W 


Current through portable heater, / = 1500 W _ 125A 
120 V 
i 900 W 

h h ki ,f= —— = 75A 
Current through cooking pot 120 V 


Total current through No. 18 flexible cord 20.0A 


FIGURE 6.3.2.1(a) Relation of voltages in 120/240 V service. 
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FIGURE 6.3.2.1(b) Overhead service. 
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If the cables come from a transformer on a pole, they are 
called a service drop. If they come from a transformer in or on 
the ground, they will be buried and are called a service lateral. 
[See Figure 6.3.2.1(c).] 


FIGURE 6.3.2.1(c) Underground service. 


Underground 
service 
lateral 


The terms hot, neutral, and ground will usually be used in 
this document for installed conductors. The proper terms for 
them are ungrounded, grounded, and grounding, respectively. 


6.3.2.2 Three-Phase Service. Industrial and large commer- 
cial buildings, large multifamily dwellings, and other large 
buildings normally are supplied with three-phase electrical 
service. Three-phase service consists of three alternating cur- 
rents that go back and forth at different instants (out of phase 
with one another). There will be three current-carrying con- 
ductors and usually a fourth, which is the neutral and is at 
ground potential. The voltage between current-carrying con- 
ductors is typically 480 V, 240 V, or 208 V. The voltage between 
the conductors and ground depends on the wiring arrange- 
ment and may be 277 V, 208 V, or 120 V. The 480/277 V four- 
conductor system is a common service for large commercial 
and industrial buildings. Modern lighting systems in these 
buildings commonly operate at 277 V. In very large buildings, 
there might be more than one electrical service entrance. In 
some industrial buildings, the service entrance voltage may be 
very high (e.g., 4000 V). Transformers within buildings then 
reduce the voltage for utilization, including 120 V for lights 
and receptacles. 


6.3.3 Meter and Base. The cables of a service drop go into a 
weatherhead, which is designed to keep water from entering 
the system, and then down a service raceway to a meter base. 
A watt-hour meter plugs into the meter base and connects 
the service cables so that electricity can flow into the struc- 
ture. In newer structures, the meter base is normally 
mounted on the outside. Cables go from the meter base to 
the service equipment in the structure, as shown in Figure 
6.3.3. In larger facilities, the entry cables may be connected 
directly to the service equipment without passing through 
the meter. In that case, the meter is operated from current 
transformers that surround each entry cable and sense cur- 
rent flow. 
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FIGURE 6.3.3 Service entrance and service equipment. 
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6.3.4 Significance. The service entry can be significant in fire 
investigations because damage to the insulation on the conduc- 
tors can result in sustained high-power faulting by either short 
circuits or ground faults that can ignite most combustibles. 
Between the utility transformer and the main protection in 
the structure, there is usually no overcurrent protection of 
the cables, and faulting may begin and continue. Once 
there are fault currents, either causing a fire or resulting 
from a fire, continued faulting can damage all or part of a 
service entrance 


6.4 Service Equipment. The cables from the meter base go 
to the service equipment, which consists of a main switch 
and fuses or circuit breakers. (See Figure 6.3.3.) The service 
equipment must be located close to where the cables enter 
the structure. The service equipment has three functions: to 
provide means for turning off power to the entire electrical 
system, to provide protection against electrical malfunc- 
tions, and to divide the power distribution into several 
branch circuits. Either a main switch or the main circuit 
breakers are the primary disconnects that can shut off all 
electricity to the building. From the cabinet of fuses or cir- 
cuit breakers, electricity is distributed through branch cir- 
cuits to the rest of the building. 


6.5 Grounding. All electrical installations must be grounded 
at the service equipment. Grounding is a means of making a 
solid electrical connection between the electrical system and 
the earth. Grounding is accomplished by bonding the breaker 
or fuse panel to a metallic cold water pipe if the pipe extends 
at least 10 ft (3.0 m) into soil outside. In the absence of a suit- 
able metallic cold water pipe, a grounding electrode must be 
used. The grounding electrode may be a galvanized steel rod 
or pipe or a copper rod of at least 8 ft (2.4 m) in length driven 
into soil to a level of permanent moisture. 

In all installations, the service equipment must be bonded 
to the cold water piping. Bonding is the connecting of items 
of equipment by good conductors to keep the equipment 
bodies at the same voltage, which is essentially zero if bonded 
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to ground. Bonding of the service equipment to ground is 
accomplished by a copper or aluminum conductor from the 
grounding block in the fuse or breaker cabinet to a clamp 
that is securely fixed to the cold water pipe or grounding 
electrode. An example is shown in Figure 6.5. The purpose 
of grounding an electrical system is to make sure that any 
housings or exposed metal objects in the system or con- 
nected to it cannot become electrically charged. If an 
ungrounded conductor (the hot conductor) contacts a 
grounded object, the resulting surge of ground-fault current 
will open the protection. 


FIGURE 6.5 Grounding at a typical small service. A, B, and 
C are bonding connections that provide a path to ground. 
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All parts of the system must be grounded, including cabi- 
nets, raceways, fittings, junction and outlet boxes, switches, 
receptacles, and any conductive objects attached to or 
plugged into the system. That is usually accomplished with a 
grounding conductor that accompanies the circuit conduc- 
tors, although grounding can be accomplished through 
metallic conduit. Flexible metallic conduit may be used for 
grounding only if its length does not exceed 6 ft (1.8 m). 


6.5.1 Floating Neutral. An electrical installation that is not 
properly grounded can continue to be used, but there will 
not be a fixed zero point of voltage (ground) between the 
two legs. There will still be 240 V between the two legs, but 
instead of the voltages of the two legs being fixed at 120 V to 
ground each, they may vary to some other values that add to 
240 V. (See Figure 6.5.1.) All line to neutral circuits will be 


affected. The actual voltages in the legs will depend on the 
loads on the two legs at any particular time. For example, the 
voltages might be 60 and 180 as in Figure 6.5.1. The higher 
voltage can overheat or burn out some equipment, and the 
lower voltage can damage some electronic equipment. Occu- 
pants would have seen incandescent lights that were too 
bright or too dim or appliances that overheated or malfunc- 
tioned in some way. 


FIGURE 6.5.1 An example of the relation of voltages in 
120/240 V services with an ungrounded neutral. 
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6.6 Overcurrent Protection. Fuses and circuit breakers pro- 
vide protection against electrical short circuits, ground faults, 
and load currents that might be damaging (i.e., overloads). In 
general, such an overcurrent device must be installed where 
each ungrounded (hot) branch conductor is connected to the 
power supply, and the device must function automatically. 
Overcurrent devices are attached to bus bars in cabinets that 
are mounted in or on a wall. Examples are shown in Figures 
6.6(a), 6.6(b), 6.6(c), and 6.6(d). 


Protective devices have two current ratings, the regular cur- 
rent rating and the interrupting current rating. The regular 
rating is the level of current above which the device will open, 
such as 15 A, 20 A, or 50 A. The interrupting rating is the level 
of current that the device can safely interrupt. A common 
value for circuit breakers is 10,000 A. 


FIGURE 6.6(a) Fuse panel. 
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FIGURE 6.6(b) Common arrangement for a circuit-breaker 
panel. 
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FIGURE 6.6(c) Common arrangement for a split-bus circuit- 
breaker panel. 
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FIGURE 6.6(d) Circuit-breaker panel. 


6.6.1 Fuses. Fuses are basically nonmechanical devices with 
a fusible element in a small enclosure. The fusible element is 
made of a metal conductor or strip with enough resistance so 
that it will heat to melting at a selected level of current. Fuses 
have essentially no mechanical action; they operate only on 
the electrical and physical properties of the fuse element. 
Some fuses may contain a spring to help the separation of 
the fuse element on melting. Dual element fuses contain one 
element that operates most effectively with overloads and the 
other element that operates most effectively with short cir- 
cuits. Ordinary fuses are single-use, but some large fuses have 
replaceable elements. There are two types of fuses: the plug 
type that screws into a base and the cartridge type that fits 
into a holder. They are shown in Figures 6.6.1(a), 6.6.1(b), 
and 6.6.1(c). Fuses are not resettable. 


FIGURE 6.6.1(a) A typical, Edison-based nonrenewable 
fuse, single element, for replacement purposes only. 
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FIGURE 6.6.1(b) Another Edison-based nonrenewable fuse, 
dual element, for replacement purposes only. 


FIGURE 6.6.1(c) A Type S nonrenewable fuse and adapter. 
The time-lag type of fuse is acceptable but not required. 


ob |) 
TaD) 


Fuses are mounted in a panel board consisting of bus 
bars, connecting lugs, fuse holders, and supporting struc- 
tures. Residential installations will usually be a combination 
of plug fuses for circuits of 30 A or less and cartridge fuses in 
removable holders for fuses with regular ratings greater than 
30 A. The interrupting ratings on non-time-delay fuses are in 
the order of 100,000 A because they clear the fault in less 
than one-half cycle. 


6.6.1.1 Plug Fuses. For circuits intended for 30 A or less, 
plug-type fuses have been used. The fuses have Edison bases so 
that all ampacities will fit in the same base. Thirty-ampere 
fuses could be put in where only 15 A fuses had been intended. 
Because of that overfusing and the ease with which the fuses 
could be bypassed (e.g., with a penny), they are not allowed in 
new installations. Such fuses are still available for replacement 
of burned-out fuses in existing installations. 


6.6.1.2 Type S Fuses. In an effort to minimize improper fus- 
ing, Type S fuses were developed. They are designed to make 
tampering or bypassing more difficult. They screw into 
adapters that fit into Edison bases. After an adapter has been 
properly installed, it cannot be removed without damaging 
the fuse base. The adapter prevents a larger-rated fuse from 
being used with a lower-rated circuit and makes bypassing 
the fuse more difficult. 

NFPA 70, National Electrical Code, specifies that fuse holders 
for plug fuses of 30 A or less shall not be used unless they are 
designed to use this Type S fuse or are made to accept a Type 
S fuse through use of an adapter. 


6.6.1.3 Time-Delay Fuses. Whether a fuse is Type S or has an 
Edison base, the time-delay type of fuse permits overcurrents 
of short duration, such as starting currents for motors, without 
opening the circuit. While these momentary surges can be up 
to six times greater than the normal running current, they are 
harmless because they last only a short time. This makes it pos- 
sible to use time-delay fuses in sizes small enough to give better 
protection than a type without time delay. The latter would 
have to be oversized to allow for such surges. In the event of 
short circuits or high-current ground faults, however, the 


time-delay type will operate and open the circuit as rapidly as 
the non-time-delay type. Time-delay fuses can be designed 
with dual elements or by modification of the fusing element. 


6.6.1.4 Cartridge Fuses. For circuits intended for greater 
than 30 A, cartridge fuses are used. As shown in Figures 
6.6.1.4(a) and 6.6.1.4(b), they consist of a cylinder containing 
the fusing element and either caps or blades on each end to 
make electrical contact in its holder. Cartridge fuses may be 
made for either fast action or time delay. They also come in 
single-use or replaceable-element types. Cartridge fuses may 
be found in fuse panels of residential installations for high 
current loads, such as water heaters and ranges, and at the 
main disconnect. Large fuses of 100 A rating or greater are 
more common in commercial or industrial installations. 


FIGURE 6.6.1.4(a) Three types of cartridge fuses. Top, an 
ordinary drop-out link renewable fuse; center, a super lag 
renewable fuse; and bottom, a one-time fuse. 


FIGURE 6.6.1.4(b) Dual-element cartridge fuses, blade and 
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6.6.2 Circuit Breakers. A circuit breaker is a switch that 
opens either automatically with overcurrent or manually by 
pushing a handle. The current rating of the breaker is usually, 
but not always, given on the face of the handle. Breakers are 
designed so that the internal workings will trip with excessive 
current even if the handle is somehow held in the on position. 
The on and off positions are indicated either on the handle or 
on the body. [See Figures 6.6.2(a) and 6.6.2(b).] The tripped 
position is in the center on most breakers. [See Figure 6.6.2(c).] 
Normally, a circuit breaker cannot be manually placed in the 
tripped position while installed in the panel. However, if the 
fault has been corrected, it can be reset to the on position each 
time it has been tripped by overcurrent. A typical interrupting 
rating for circuit breakers is 10,000 A. 
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FIGURE 6.6.2(a) A 15 A residential-type circuit breaker in 
the closed (on) position. 
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FIGURE 6.6.2(b) A 15 A residential-type circuit breaker 
in the open (off) position. 
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Most residential circuit breakers are of the thermal-magnetic 
type. The thermal element, usually a bimetal, provides protec- 
tion for moderate levels of overcurrent. The magnetic element 
provides protection for short circuits and for low-resistance 
ground faults, during which the fault currents are very high. Cir- 
cuit breakers are mechanical devices that require movement of 
their components for operation. It is possible for them to fail to 
open, especially if they have not been operated either manually 
or by overcurrent in a long time and especially if they have been 
in a corrosive atmosphere. 

The bodies of circuit breakers are usually made of molded 
phenolic plastic, which does not melt and does not sustain 
burning but which can be destroyed by fire impingement. Cir- 
cuit breakers on a panel board are directly connected to bus 
bars that are fed from the main disconnect. A cover plate over 
the rows of breakers exposes only the tops of the breakers so 
that no energized parts of the panel or wiring are exposed. 
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FIGURE 6.6.2(c) A 15 A residential-type circuit breaker in 
the open (tripped) position. 
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6.6.2.1 Main Breakers. The main disconnect in a breaker 
panel is a pair of circuit breakers of ampacity large enough to 
carry the entire current draw of the installation, commonly 
100 A to 200 A in residences. The handles of the two breakers 
(one on each leg) are fastened together or are molded as one 
unit so that only one motion is needed to turn off both legs. 
Also, if one leg has a fault that trips the one breaker, the fas- 
tener will pull off the other breaker. Three-phase service uses 
three main breakers in a single body or with the handles fas- 
tened together and three bus bars to feed the breakers. 
There are many split-bus panel boards in use. [See Figure 
6.6(c).] They usually have six 2-pole breakers or pairs of breakers 
fastened together to make 240 V circuits. All of them must be off 
to cut off all power to the installation. One of the breaker pairs 
serves as a main for the lower bus bars that feed the 120 V cir- 
cuits. Split-bus panel boards are not allowed in new installations. 


6.6.2.2 Branch Circuit Breakers. The circuit breakers for 
individual branch circuits are rated for the maximum 
intended current draw (ampacity). Circuits of 120 V will be fed 
from a single breaker, whereas circuits of 240 V will be fed 
from a double pole breaker or a pair of breakers of equal 
ampacity with the handles fastened together. General lighting 
and receptacle circuits will be 15 A or 20 A. Large appliances 
such as ranges and water heaters will have 30 A, 40 A, or 50 A 
breakers. Some small permanent appliances might have dedi- 
cated circuits with 15 A or 20 A breakers. 

Three-phase service uses three bus bars to feed the break- 
ers. Motors and other equipment that use three-phase power 
will be fed by three branch circuit breakers of equal ampacity 
with the handles fastened together. 


6.6.2.3. Ground Fault Circuit Interrupter (GFCI). On newer 
installations, a breaker might have a button labeled “push to 
test.” This breaker houses a ground fault circuit interrupter. It 
trips with a slight ground fault of about 5 milliamperes to give 
better protection for persons against electric shock at any level 
of amperage in the circuit. In addition, the breaker operates 
with overcurrents as an ordinary circuit breaker. The GFCI cir- 
cuits are intended for bathrooms, patios, kitchens, or other 
locations where a person might be electrically grounded while 
near or using electrical appliances. 
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6.7 Branch Circuits. The individual circuits that feed lighting, 
receptacles, and various fixed appliances are the branch cir- 
cuits. Each branch circuit should have its own overcurrent pro- 
tection. The circuit consists of an ungrounded conductor (hot 
conductor) attached to a protective device and a grounded con- 
ductor (neutral conductor) attached to the grounding block in 
the cabinet. Both of those conductors carry the current that is 
being used in the circuit. In addition, there should be a ground- 
ing conductor (i.e., the ground). It normally does not carry any 
current but is there to allow fault current to go to ground and 
thereby open the protection. Some installations might have the 
grounding through metallic conduit, and some very old instal- 
lations might not have a grounding conductor at all. The lack 
of a separate means of grounding has no effect on the opera- 
tion of devices powered by that circuit. 


6.7.1 Conductors. Conductors in electrical installations usu- 
ally consist of copper or aluminum because they are econom- 
ical and good conductors of electricity. Conductors made of 
other metals for special uses are covered in Chapter 21. 


6.7.2 Sizes of Conductors. The sizes of conductors are mea- 
sured in the American Wire Gauge (AWG). The larger the 
AWG number, the smaller the conductor. The branch circuit 
conductors for lighting and small appliances are usually solid 
copper, 14 AWG for 15 A circuits and 12 AWG for 20 A circuits. 
Circuits of larger ampacity will have larger conductors such as 
10 or 8 AWG, as listed in Table 6.7.2. Conductors of 6 AWG or 
larger size will be multistranded to give adequate flexibility. 


Table 6.7.2 Ampacity and Use of Branch Circuits 


Wire Size 
Copper-Clad 
Aluminum 
and 
Copper Aluminum Ampacity Use 
14 12 15 Branch circuit conduc- 
tors supplying other than 
kitchen 
12 10 20-25 Small-appliance circuit 
conductors supplying 
outlets in kitchen for 
refrigerators, toasters, 
electric frying pans, 
coffee makers, and 
similar appliances 
10 8 30 Large appliances such as 
ranges and dryers 
8 6 40 
4 55 


Aluminum branch wiring has been used and might be 
found in some installations. Because of problems with heating 
at the connections, aluminum conductors are not used in 
branch circuits without approved connectors, although alumi- 
num cables such as 3/0 and 4/0 cables are used for service 
drops and service entry. 

The conductor size allowed in a circuit depends mainly on 
the ampacity of the protective device. In addition, the type of 


insulation and the bundling of conductors affect the allowed 
sizes. The conductor must not be smaller than the allowed size 
but may be larger. The basic reason for regulating the allowed 
size is to prevent heating of the conductor enough to damage 
its insulation. Because conductors have some resistance, heat 
will be generated as current passes through them. Small con- 
ductors have more resistance than large conductors and so 
heat more. The NFPA 70, National Electrical Code, tables show 
how much current is allowed in various size conductors with 
various kinds of insulation. 


6.7.3 Copper Conductors. The chemical element copper is 
used in a pure form to make conductors. The copper is heated 
and drawn through progressively smaller holes to squeeze it 
down to the desired size. There is no identifiable crystal struc- 
ture in such copper. Impurities or alloying elements would 
make the copper less conductive to electricity. Pure copper 
melts at 1980°F (1082°C). In fires, copper melts along the sur- 
face of the conductor at temperatures somewhat below 1980°F 
(1082°C) because of mixing of the metal with copper oxide 
that forms on the surface in air. That is why, when copper con- 
ductors melt in a fire, they tend to melt along their surfaces to 
form pointed ends, globules, and thinned areas. 


Copper conductors oxidize in fires when the insulation has 
been lost. The surface usually becomes blackened with cupric 
oxide. For some conductors in a chemically reducing condi- 
tion, such as glowing char before cooling, the surface may 
appear either to be bare of oxide or to be coated with a red- 
dish cuprous oxide. 


6.7.4* Aluminum Conductors. The chemical element alumi- 
num is used in a pure form to make conductors. Pure alumi- 
num melts at 1220°F (660°C). A skin of aluminum oxide 
forms on the surface, but the oxide does not mix with the 
metallic aluminum. Therefore, the melting temperature is 
not reduced, and the aluminum tends to melt through the 
whole cross section at one time instead of leaving an 
unmelted core as copper does. Melted aluminum can flow 
through the skin of oxide and have odd shapes when it solid- 
ifies. These shapes include pointed drips, and round and 
teardrop-shaped globules. 


Aluminum has a lower conductivity than does copper. 
Thus, for the same ampacity of a circuit, an aluminum conduc- 
tor must be two AWG sizes larger than a copper conductor. 
For example, 10 AWG aluminum is equivalent in ampacity to 
12 AWG copper. 


6.7.4.1 Copper-Clad Aluminum. Copper-clad aluminum con- 
ductors have been used but are not common. Because they are 
aluminum conductors with just a skin of copper, their melting 
characteristics are essentially the same as those of aluminum 
conductors. 


6.7.5 Insulation. Conductors are insulated to prevent current 
from taking unwanted paths and to protect against dangerous 
voltages in places that would be hazardous to people. Insula- 
tion could be made of almost any material that can be applied 
readily to conductors, does not conduct electricity, and retains 
its properties for a long time even at elevated temperatures. 
For a summary of the types of insulation in use, see Table 
310.13 of NFPA 70, National Electrical Code. Air serves as an 
insulator when bare conductors and energized parts are kept 
separated. At high voltage, air contamination by dust, pollu- 
tion, or products of combustion can break down the insulating 
effects of air, resulting in arcs. 
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The type of insulation on individual conductors is marked 
in a code, along with the temperature rating, the manufac- 
turer, and other information. Nonmetallic sheathed cable has 
the identifications printed on the sheath. The coding for the 
insulation material is given in Table 310.13 of NFPA 70. 

Insulation on individual conductors is made in a variety of 
colors, some of which indicate specific uses. A grounding 
conductor must be green. A grounded conductor (neutral) 
may be white or light gray. An ungrounded conductor (hot) 
may be any color except green, white, or gray. In 120 V cir- 
cuits it is commonly black. In 240 V circuits with nonmetallic 
cable, the two hot legs are commonly black and red. Where 
individual conductors are pulled through the conduit, the 
colors might vary more widely, especially if more than one 
circuit is in the conduit. 


6.7.5.1 Polyvinyl Chloride. Polyvinyl chloride, or PVG, is a 
commonly used thermoplastic insulating material for wiring. 
PVC must be blended with plasticizers to make it soft. Pig- 
ments and other modifiers may also be added. PVC, on aging, 
can slowly lose the plasticizers and become hard and brittle. In 
a fire, PVC may char and give off hydrogen chloride, a corro- 
sive gas. 


6.7.5.2 Rubber. Rubber was the most common insulating 
material until approximately the 1950s. Rubber insulation 
contains pigments and various modifiers and antioxidants. In 
time it may become oxidized and brittle, especially if it was hot 
for long periods. Embrittled rubber has little strength and can 
be broken off the conductor if it is bent or scraped. Rubber 
insulation chars when exposed to fire or very high tempera- 
tures and leaves an ash when the rubber is burned away. 


6.7.5.3, Other Materials. Polyethylene and other closely related 
polyolefins are used as insulation, more commonly on large 
cables than on insulation for residential circuits. Nylon jackets 
are put around other insulating materials (usually PVC) to 
increase the thermal stability of the insulation. 

Silicone and fluorinated polyolefin (e.g., Teflon®) insula- 
tions are used on conductors that are expected to be 
installed where elevated temperatures will persist, particu- 
larly in appliances. 


6.8 Outlets and Devices. 


6.8.1 Switches. Switches are installed to turn the current on 
or off in parts of circuits that supply installed lights and equip- 
ment. Sometimes one or more receptacles are fed from a 
switch so that a table lamp can be turned on or off. The hot 
(black) conductor goes to both terminals of the switch while 
the neutral (white) conductor goes on to the light or device 
being controlled. The switch should always be put in the run 
of the black conductor for safety, although the switch will per- 
form properly if put in the run of the white conductor. The 
switches may have screw terminals or push-in terminals. 


6.8.2 Receptacles. Receptacles for 15 A and 20 A circuits, 
illustrated in Figures 6.8.2(a) and 6.8.2(b), are usually duplex. 
Receptacles for large appliances (30 A or more) are single. 
Receptacles now must be polarized and of the grounding type, 
although there are still many nongrounding and nonpolar- 
ized receptacles in older installations. The grounding type has 
a third hole that allows any appliance with a grounding prong 
in its plug to ground that appliance. In polarized receptacles, 
the neutral slot is longer than the hot slot. A two-prong plug 
with a wide neutral prong (polarized plug) can be inserted 
into the receptacle only with the wide prong in the wide slot 
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and not in the reverse way. All grounding receptacles and 
plugs are inherently polarized. 


FIGURE 6.8.2(a) Nongrounding-type receptacle. 


Receptacle 


FIGURE 6.8.2(b) Grounding-type receptacle. 


15A 20A 
Receptacle Plug Receptacle Plug 
5-15R i 5-15P 5-20R 5-20P 


In bathrooms or other areas where personal safety is a con- 
cern, receptacles may have a built-in ground fault circuit inter- 
rupter. (See 6.6.2.3.) 

Receptacles may have either screw terminals or push-in ter- 
minals and sometimes both. The hot conductor (usually black 
insulation) should be connected to the brass screw, and the 
neutral conductor (white insulation) to the colorless metal 
screw. On grounding-type receptacles, there is a screw with a 
green head for connecting the grounding conductor of the 
wiring cable. 


6.8.3 Other Outlets, Devices, or Equipment. Permanent light- 
ing fixtures are attached to electrical boxes in the wall or ceil- 
ing as appropriate with a wall switch in its individual part of the 
circuit. Thermostats may be mounted in walls to control per- 
manently installed heating units. 

In commercial and industrial installations, much of the 
electrically powered equipment is permanently connected to 
the basic wiring. Because of the large current draws, much of 
the equipment may be switched on and off by contactors 
rather than directly by switches. 

In installations where explosive atmospheres might occur, 
explosionproof outlets and fixtures must be used. The outlet 
boxes, fittings, and attached devices are designed so that even 
if explosive concentrations of gases get into the system, an 
internal ignition will not let a flame front out to ignite the sur- 
rounding atmosphere. 


6.9 Ignition by Electrical Energy. 


6.9.1 General. For ignition to be from an electrical source, 
the following must occur: 


(1) The electrical wiring, equipment, or component must 
have been energized from a building’s wiring, an emer- 
gency system, a battery, or some other source. 

(2) Sufficient heat and temperature to ignite a close combus- 
tible material must have been produced by electrical 
energy at the point of origin by the electrical source. 


Ignition by electrical energy involves generating both a suf- 
ficiently high temperature and heat (i.e., competent ignition 
source) by passage of electrical current to ignite material that 
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is close. Sufficient heat and temperature may be generated by 
a wide variety of means, such as short-circuit and ground-fault 
parting arcs, excessive current through wiring or equipment, 
resistance heating, or by ordinary sources such as lightbulbs, 
heaters, and cooking equipment. The requirement for igni- 
tion is that the temperature of the electrical source be main- 
tained long enough to bring the adjacent fuel up to its ignition 
temperature, with air present to allow combustion. 


The presence of sufficient energy for ignition does not 
assure ignition. Distribution of energy and heat loss factors 
need to be considered. For example, an electric blanket 
spread out on a bed can continuously dissipate 180 W safely. If 
that same blanket is wadded up, the heating will be concen- 
trated in a smaller space. Most of the heat will be held in by the 
outer layers of the blanket, which will lead to higher internal 
temperatures and possibly ignition. In contrast to the 180 W 
used by a typical electric blanket, just a few watts used by a 
small flashlight bulb will cause the filament to glow white hot, 
indicating temperatures in excess of 4000°F (2204°C). 


In considering the possibility of electrical ignition, the tem- 
perature and duration of the heating must be great enough to 
ignite the initial fuels. The type and geometry of the fuel must 
be evaluated to be sure that the heat was sufficient to generate 
combustible vapors and for the heat source still to be hot 
enough to ignite those vapors. If the suspect electrical compo- 
nent is not a competent ignition source, other causes should 
be investigated. 


6.9.2 Resistance Heating. 


6.9.2.1 General. Whenever electric current flows through a 
conductive material, heat will be produced. See 6.2.13 for the 
relationships of current, voltage, resistance, and power (i.e., 
heating). With proper design and compliance with the codes, 
wiring systems and devices will have resistances low enough 
that current-carrying parts and connections should not over- 
heat. Some specific parts such as lamp filaments and heating 
elements are designed to become very hot. However, when 
properly designed and manufactured and when used accord- 
ing to directions, those hot parts should not cause fires. 


The use of copper or aluminum conductors of sufficient 
size in wiring systems (e.g., 12 AWG for up to 20 A for copper) 
will keep the resistance low. What little heat is generated 
should be readily dissipated to the air around the conductor 
under normal conditions. When conductors are thermally 
insulated and operating at rated currents, enough energy may 
be available to cause a fault or ignition. 


6.9.2.2 Heat-Producing Devices. Common heat-producing 
devices can cause fires when misused or when certain malfunc- 
tions occur during proper use. Examples include combusti- 
bles placed too close to incandescent lamps or to heaters or 
coffee makers, and deep-fat fryers whose temperature controls 
fail or are bypassed. (See Chapter 21.) 


6.9.2.3 Poor Connections. When a circuit has a poor connec- 
tion such as a loose screw at a terminal, increased resistance 
causes increased heating at the contact, which promotes forma- 
tion of an oxide interface. The oxide conducts current and 
keeps the circuit functional, but the resistance of the oxide at 
that point is significantly greater than in the metals. A spot of 
heating develops at that oxide interface that can become hot 
enough to glow. If combustible materials are close enough to 
the hot spot, they can be ignited. Generally, the connection will 
be in a box or appliance, and the probability of ignition is 


greatly reduced. The wattage of well-developed heating connec- 
tions in wiring can be up to 30-40 W with currents of 15-20 A. 
Heating connections of lower wattage have also been noted at 
currents as low as about 1 A. 


6.9.3 Overcurrent and Overload. Overcurrent is the condi- 
tion in which more current flows in a conductor than is 
allowed by accepted safety standards. The magnitude and 
duration of the overcurrent determines whether there is a pos- 
sible ignition source. For example, an overcurrent at 25 Aina 
14 AWG copper conductor should pose no fire danger except 
in circumstances that do not allow dissipation of the heat, such 
as when thermally insulated or when bundled in cable applica- 
tions. A large overload of 120 A in a 14 AWG conductor, for 
example, would cause the conductor to glow red hot and 
could ignite adjacent combustibles. 


Large overcurrents that persist (i.e., overload) can bring a 
conductor up to its melting temperature. There is a brief part- 
ing arc as the conductor melts in two. The melting opens the 
circuit and stops further heating. 


In order to get a large overcurrent, either there must be a 
fault that bypasses the normal loads (i.e., short circuit) or far 
too many loads must be put on the circuit. To have a sus- 
tained overcurrent (i.e., overload), the protection (i.e., fuses 
or circuit breakers) must fail to open or must have been 
defeated. Ignition by overload is rare in circuits that have the 
proper size conductors throughout the circuit, because most 
of the time the protection opens and stops further heating 
before ignition conditions are obtained. When there is a 
reduction in the conductor size between the load and the cir- 
cuit protection, such as an extension cord, the smaller size 
conductor may be heated beyond its temperature rating. 
This can occur without activating the overcurrent protec- 
tion. For an example, see 6.2.16. 


6.9.4 Arcs. An arc is a high-temperature luminous electric 
discharge across a gap. Temperatures within the arc are in 
the range of several thousand degrees, depending on circum- 
stances including current, voltage drop, and metal involved. 
For an arc to jump even the smallest gap in air spontaneously, 
there must be a voltage difference of at least 350 V. In the 
120/240 V systems being considered here, arcs do not form 
spontaneously under normal circumstances. (See Section 6.12.) 
In spite of the very high temperatures in an arc path, arcs may 
not be competent ignition sources for many fuels. In most 
cases, the arcing is so brief and localized that solid fuels such 
as wood structural members cannot be ignited. Fuels with 
high surface-area-to-mass ratio, such as cotton batting and tis- 
sue paper and combustible gases and vapors, may be ignited 
when in contact with the arc. 


6.9.4.1 High-Voltage Arcs. High voltages can get into a 
120/240 V system through accidental contact between the 
distribution system of the power company and the system on 
the premises. Whether there is a momentary discharge or a 
sustained high voltage, an arc may occur in a device for 
which the separation of conductive parts is safe at 240 V but 
not at many thousands of volts. If easily ignitable materials 
are present along the arc path, a fire can be started. 


Lightning can send extremely high voltage surges into an 
electrical installation. Because the voltages and currents from 
lightning strikes are so high, arcs can jump at many places, 
cause mechanical damage, and ignite many kinds of combus- 
tibles. (See 6.12.8.) 
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6.9.4.2 Static Electricity. Static electricity is a stationary charge 
that builds up on some objects. Walking across a carpet in a dry 
atmosphere will produce a static charge that can produce an arc 
when discharged. Other kinds of motion can cause a buildup of 
charge, including the pulling off of clothing, operation of con- 
veyor belts, and the flowing of liquids. (See Section 6.12.) 


6.9.4.3 Parting Arcs. A parting arc is a brief discharge that 
occurs as an energized electrical path is opened while current 
is flowing, such as by turning off a switch or pulling a plug. The 
arc usually is not seen in a switch but might be seen when a 
plug is pulled while current is flowing. Motors with brushes 
may produce a nearly continuous display of arcing between 
the brushes and the commutator. At 120/240 V ac, a parting 
arc is not sustained and will quickly be quenched. Ordinary 
parting arcs in electrical systems are usually so brief and of low 
enough energy that only combustible gases, vapors, and dusts 
can be ignited. 


In arc welding, the rod must first be touched to the work- 
piece to start current flowing. Then the rod is withdrawn a small 
distance to create a parting arc. If the gap does not become too 
great, the arc will be sustained. A welding arc involves enough 
power to ignite nearly any combustible material. However, the 
sustained arc during welding requires specific design character- 
istics in the power supply that are not present in most parting 
arc situations in 120/240 V wiring systems. 

Another kind of parting arc occurs when there is a direct 
short circuit or ground fault. The surge of current melts the 
metals at the point of contact and causes a brief parting arc as 
a gap develops between the metal pieces. The arc quenches 
immediately but can throw particles of melted metal (i.e., 
sparks) around. (See 6.9.5.) 


6.9.4.4* Arc Tracking. Arcs may occur on surfaces of non- 
conductive materials if they become contaminated with salts, 
conductive dusts, or liquids. It is thought that small leakage 
currents created through such contamination cause degrada- 
tion of the base material leading to the arc discharge, charring 
or igniting combustible materials around the arc. Arc tracking 
is a known phenomenon at high voltages. It has also been 
reported in experimental studies in 120/240 V ac systems. 


Electrical current will flow through water or moisture only 
when that water or moisture contains contaminants such as 
dirt, dusts, salts, or mineral deposits. This stray current may 
promote electrochemical changes that can lead to electrical 
arcing. Most of the time the stray currents through a contam- 
inated wet path cause enough warming that the path will dry. 
Then little or no current flows and the heating stops. If the 
moisture is continuously replenished so that the currents are 
sustained, deposits of metals or corrosion products can form 
along the electrical pathway. That effect is more pronounced 
in direct current situations. A more energetic arc through the 
deposits might cause a fire under the right conditions. More 
study is needed to more clearly define the conditions needed 
for causing a fire. 


6.9.5 Sparks. Sparks are luminous particles that can be 
formed when an arc melts metal and spatters the particles 
away from the point of arcing. The term spark has commonly 
been used for a high voltage discharge as with a spark plug in 
an engine. For purposes of electrical fire investigation, the 
term spark is reserved for particles thrown out by arcs, whereas 
an arc is a luminous electrical discharge across a gap. 

Short circuits and high-current ground faults, such as when 
the ungrounded conductor (i.e., hot conductor) touches the 
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neutral or a ground, produce violent events. Because there 
may be very little resistance in the short circuit, the fault cur- 
rent may be many hundreds or even thousands of amperes. 
The energy that is dissipated at the point of contact is suffi- 
cient to melt the metals involved, thereby creating a gap and a 
visible arc and throwing sparks. Protective devices in most 
cases will open (i.e., turn off the circuit) in a fraction of a sec- 
ond and prevent repetition of the event. 


When just copper and steel are involved in arcing, the spat- 
ters of melted metal begin to cool immediately as they fly 
through the air. When aluminum is involved in faulting, the 
particles may actually burn as they fly and continue to be 
extremely hot until they burn out or are quenched by landing 
on some material. Burning aluminum sparks, therefore, may 
have a greater ability to ignite fine fuels than do sparks of cop- 
per or steel. However, sparks from arcs in branch circuits are 
inefficient ignition sources and can ignite only fine fuels when 
conditions are favorable. In addition to the temperature, the 
size of the particles is important for the total heat content of 
the particles and the ability to ignite fuels. For example, sparks 
spattered from a welding arc can ignite many kinds of fuels 
because of the relatively large size of the particles and the total 
heat content. Arcing in entry cables can produce more and 
larger sparks than can arcing in branch circuits. 


6.9.6 High-Resistance Faults. High-resistance faults are long- 
lived events in which the fault current is not high enough to 
trip the circuit overcurrent protection, at least in the initial 
stages. A high-resistance fault on a branch circuit may be 
capable of producing energy sufficient to ignite combustibles 
in contact with the point of heating. It is rare to find evidence 
of a high-resistance fault after a fire. An example of a high- 
resistance fault is an energized conductor coming into con- 
tact with a poorly grounded object. 


6.10 Interpreting Damage to Electrical Systems. 


6.10.1 General. Abnormal electrical activity will usually pro- 
duce characteristic damage that may be recognized after a fire. 
Evidence of this electrical activity may be useful in locating the 
area of origin. The damage may occur on conductors, contacts, 
terminals, conduits, or other components. However, many 
kinds of damage can occur from nonelectrical events. This sec- 
tion will give guidelines for deciding whether observed damage 
was caused by electrical energy and whether it was the cause of 
the fire or a result of the fire. These guidelines are not absolute, 
and many times the physical evidence will be ambiguous and 
will not allow a definite conclusion. Figure 6.10.1 illustrates 
some of the types of damage that may be encountered. 


6.10.2* Short-Circuit and Ground-Fault Parting Arcs. When- 
ever an energized conductor contacts a grounded conductor 
or a metal object that is grounded with nearly zero resistance 
in the circuit, there will be a surge of current in the circuit and 
melting at the point of contact. This event may be caused by 
heat-softened insulation due to a fire. The high current flow 
produces heat that can melt the metals at the points of contact 
of the objects involved, thereby producing a gap and the part- 
ing arc. A solid copper conductor typically appears as though 
it had been notched with a round file, as shown in Figure 
6.10.2(a). The notch may or may not sever the conductor. The 
conductor will break easily at the notch upon handling. The 
surface of the notch can be seen by microscopic examination 
to have been melted. Sometimes, there can be a projection of 
porous copper in the notch. 
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FIGURE 6.10.1 Guide for interpreting damage to electrical wires. 


Mode of damage Effects 


Arcing through char 


Parting arcing 


Overcurrent 


Fire 


Heating connection 


Cause of fire? 


Result of 


Direct fire heating No, always a 


result of fire 


Heating at about 400°F 
(205°C) but no direct fire 


Usually not 


Short circuit or failure in Yes, but also 
a device plus failure of may be a result 
overcurrent protection of fire 


Cable exposed to N/A 
existing fire 


Connection not tight Yes 


Mechanical Scraping or gouging 
by something 
Alloying a) Melted aluminum on No 
: ’, ——— = the wire 


FIGURE 6.10.2(a) A solid copper conductor notched 
by a short circuit. 


The parting arc melts the metal only at the point of initial 
contact. The adjacent surfaces will be unmelted unless fire or 
some other event causes subsequent melting. In the event of 
subsequent melting, it may be difficult to identify the site of 
the initial short circuit or ground fault. If the conductors were 
insulated prior to the faulting and the fault is suspected as the 
cause of the fire, it will be necessary to determine how the insu- 
lation failed or was removed and how the conductors came in 
contact with each other. If the conductor or other metal 
object involved in the short circuit or ground fault was bare of 
insulation at the time of the faulting, there may be spatter of 
metal onto the otherwise unmelted adjacent surfaces. 


Stranded conductors, such as for lamp and appliance cords, 
appear to display effects from short circuits and ground faults 
that are less consistent than those in solid conductors. A 
stranded conductor may exhibit a notch with only some of the 
strands severed, or all of the strands may be severed with strands 
fused together or individual strands melted. [See Figure 6.10.2(b).] 


FIGURE 6.10.2(b) Stranded copper lamp cord that was sev- 
ered by a short circuit. 
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6.10.3* Arcing Through Char. Insulation on conductors, when 
exposed to direct flame or radiant heat, may be charred before 
being melted. That char, when exposed to fire, is conductive 
enough to allow sporadic arcing through the char. That arcing 
can leave surface melting at spots or can melt through the con- 
ductor, depending on the duration and repetition of the arcing. 
There often will be multiple points of arcing. Several inches of 
conductor can be destroyed either by melting or severing of sev- 
eral small segments. 


When conductors are subject to highly localized heating, 
such as from arcing through char, the ends of individual con- 
ductors may be severed. When severed, they will have beads on 
the end, as shown in Figure 6.10.3(a). The bead may weld two 
conductors together, as shown in Figure 6.10.3(b). If the con- 
ductors are in conduit, holes may be melted in the conduit. 
Beads can be differentiated from globules, which are created 
by nonlocalized heating such as overload or fire melting. 
Beads are characterized by the distinct and identifiable line of 
demarcation between the melted bead and the adjacent 
unmelted portion of the conductor. Figures 6.10.3(c), 
6.10.3(d), 6.10.3(e), and 6.10.3(f) show examples. 


FIGURE 6.10.3(a) Copper conductors severed by arcing 
through the charred insulation. 


FIGURE 6.10.3(b) Copper conductors severed by arcing 
through the charred insulation with a large bead welding the 
two conductors together. 
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FIGURE 6.10.3(c) Stranded copper conductors severed by 
arcing through charred insulation with the strands terminated 
in beads. 


FIGURE 6.10.3(d) Arc damage to 18 AWG cord by arcing 
through charred insulation. 


FIGURE 6.10.3(e) Spot arc damage to 14 AWG conductor 
caused by arcing through charred insulator (lab test). 
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FIGURE 6.10.3(f) Arc damage to 18 AWG cord by arcing 
through charred insulation (lab test). 


The conductors downstream from the power source and the 
point where the conductors are severed become de-energized. 
Those conductors will likely remain in the debris with part or all 
of their insulation destroyed. The upstream remains of the con- 
ductors between the point of arc-severing and the power supply 
may remain energized if the overcurrent protection does not 
function. Those conductors can sustain further arcing through 
the char. In a situation with multiple arc-severing on the same 
circuit, arc-severing farthest from the power supply occurred 
first. It is necessary to find as much of the conductors as possible 
to determine the location of the first arcing through char. This 
will indicate the first point on the circuit to be compromised by 
the fire and may be useful in determining the area of origin. In 
branch circuits, holes extending for several inches may be seen 
in the conduit or in metal panels to which the conductor arced. 


If the fault occurs in service entrance conductors, several 
feet of conductor may be partly melted or destroyed by 
repeated arcing because there is usually no overcurrent pro- 
tection for the service entrance. An elongated hole or series of 
holes extending several feet may be seen in the conduit. 


6.10.4* Overheating Connections. Connection points are the 
most likely place for overheating to occur on a circuit. The 
most likely cause of the overheating will be a loose connection 
or the presence of resistive oxides at the point of connection. 
Metals at an overheating connection will be more severely oxi- 
dized than similar metals with equivalent exposure to the fire. 
For example, an overheated connection on a duplex recepta- 
cle will be more severely damaged than the other connections 
on that receptacle. The conductor and terminal parts may have 
pitted surfaces or may have sustained a loss of mass where poor 
contact has been made. This loss of mass can appear as missing 
metal or tapering of the conductor. These effects are more 
likely to survive the fire when copper conductors are con- 
nected to steel terminals. Where brass or aluminum are 
involved at the connection, the metals are more likely to be 
melted than pitted. This melting can occur either from resis- 


tance heating or from the fire. Pitting also can be caused by 
alloying. (See 6.10.6.3.) 


6.10.5* Overload. Currents in excess of rated ampacity pro- 
duce effects in proportion to the degree and duration of over- 
current. Overcurrents that are large enough and persist long 
enough to cause damage or create a danger of fire are called 
overloads. Under any circumstance, suspected overloads 
require that the circuit protection be examined. The most 
likely place for an overload to occur is on an extension cord. 
Overloads are unlikely to occur on wiring circuits with proper 
overcurrent protection. 


Overloads cause internal heating of the conductor. This 
heating occurs along the entire length of the overloaded por- 
tion of the circuit and may cause sleeving. Sleeving is the soft- 
ening and sagging of thermoplastic conductor insulation due 
to heating of the conductor. If the overload is severe, the con- 
ductor may become hot enough to ignite fuels in contact with 
it as the insulation melts off. Severe overloads may melt the 
conductor. If the conductor melts in two, the circuit is opened 
and heating immediately stops. The other places where melt- 
ing had started may become frozen as offsets. This effect has 
been noted in copper, aluminum, and Nichrome® conduc- 
tors. (See Figure 6.10.5.) The finding of distinct offsets is an indi- 
cation of a large overload. Evidence of overcurrent melting of 
conductors is not proof of ignition by that means. 


FIGURE 6.10.5 Aluminum conductor severed by overcur- 
rent showing offsets. 


Overload in service entrance cables is more common than 


in branch circuits but is usually a result of fire. Faulting in 
entrance cables produces sparking and melting only at the 
point of faulting unless the conductors maintain continuous 
contact to allow the sustained massive overloads needed to 
melt long sections of the cables. 


6.10.6 Effects Not Caused by Electricity. Conductors may be 
damaged before or during a fire by other than electrical 
means and often these effects are distinguishable from electri- 
cal activity. 


6.10.6.1 Conductor Surface Colors. When the insulation is 
damaged and removed from copper conductors by any means, 
heat will cause dark red to black oxidation on the conductor 
surface. Green or blue colors may form when some acids are 
present. The most common acid comes from the decomposi- 
tion of PVC. These various colors are of no value in determin- 
ing cause because they are nearly always results of the fire 
condition. 
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6.10.6.2 Melting by Fire. When exposed to fire or glowing 
embers, copper conductors may melt. At first, there is blistering 
and distortion of the surface, as shown in Figure 6.10.6.2(a). The 
striations created on the surface of the conductor during manu- 
facture become obliterated. The next stage is some flow of cop- 
per on the surface with some hanging drops forming. Further 
melting may allow flow with thin areas (i.e., necking and drops), 
as shown in Figure 6.10.6.2(b). In that circumstance, the surface 
of the conductor tends to become smooth. The resolidified cop- 
per forms globules. Globules caused by exposure to fire are 
irregular in shape and size. They are often tapered and may be 
pointed. There is no distinct line of demarcation between 
melted and unmelted surfaces. 


FIGURE 6.10.6.2(a) Copper conductors fire-heated to the 


melting temperature, showing regions of flow of copper, 
blistering, and no surface distortion. 


a fi 


FIGURE 6.10.6.2(b) Fire-heated copper conductors, 
showing globules. 


Stranded conductors that just reach melting temperatures 
become stiffened. Further heating can let copper flow among 
the strands so that the conductor becomes solid with an irreg- 
ular surface that can show where the individual strands were, 
as shown in Figure 6.10.6.2(c). Continued heating can cause 
the flowing, thinning, and globule formation typical of solid 
conductors. Magnification is needed to see some of these 
effects. Large-gauge stranded conductors that melt in fires can 
have the strands fused together by flowing metal or the strands 
may be thinned and stay separated. In some cases, individual 
strands may display a bead-like globule even though the dam- 
age to the conductor was from melting. Figures 6.10.6.2(d) 
and 6.10.6.2(e) show some examples. 

Aluminum conductors melt and resolidify into irregular 
shapes that are usually of no value for interpreting cause, as 
shown in Figure 6.10.6.2(f). Because of the relatively low melt- 
ing temperature, aluminum conductors can be expected to 
melt in almost any fire and rarely aid in finding the cause. 
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FIGURE 6.10.6.2(c) Stranded copper conductor in which 
melting by fire caused the strands to be fused together. 


FIGURE 6.10.6.2(d) Fire melting of stranded copper wire. 
¥ gy a 


FIGURE 6.10.6.2(e) Another example of fire melting of 
stranded copper wire. 


ao 


6.10.6.3* Alloying. Metals such as aluminum and zinc can 
form alloys when melted in the presence of other metals. If 
aluminum drips onto a bare copper conductor during a fire 
and cools, the aluminum will be just lightly stuck to the cop- 
per. If that spot is further heated by fire, the aluminum can 
penetrate the oxide interface and form an alloy with the cop- 
per that melts at a lower temperature than does either pure 
metal. After the fire, an aluminum alloy spot may appear as a 
rough gray area on the surface, or it may be a shiny silvery 
area. The copper—aluminum alloy is brittle, and the conduc- 
tor may readily break if it is bent at the spot of alloying. If the 
melted alloy drips off the conductor during the fire, there will 
be a pit that is lined with alloy. The presence of alloys can be 
confirmed by chemical analysis. 


Aluminum conductors that melt from fire heating at a ter- 
minal may cause alloying and pitting of the terminal pieces. 
There is no clear way of visually distinguishing alloying from 
the effects of an overheating connection. Zinc forms a brass 
alloy readily with copper. It is yellowish in color and notas brit- 
tle as the aluminum alloy. 
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FIGURE 6.10.6.2(f) Aluminum cables that were melted by 
fire showing thinned areas, bulbous areas, and pointed ends. 


Copper and silver may also form alloys. This can occur at 
temperatures below their melting point. The alloys may be 
seen on contacts, electrical switches, thermostats, thermal pro- 
tectors, contactors, relays, and similar items. 

Copper conductors, terminated in connections, or termi- 
nals containing solder may have areas of alloying, globules, 
rounded ends, or pitting after a fire. These effects are caused 
by the interaction between the copper and the solder. 


6.10.6.4* Mechanical Gouges. Gouges and dents that are 
formed in a conductor by mechanical means can usually be 
distinguished from arcing marks by microscopic examination. 
Mechanical gouges will usually show scratch marks from what- 
ever caused the gouge. Dents will show deformation of the 
conductors beneath the dents. Dents or gouges will not show 
the fused surfaces caused by electrical energy. 


6.11 Identification of Arc Melting of Electrical Conductors. 
Melted electrical conductors can be examined to determine if 
the damage is evidence of electrical arcing or melting by fire. 


6.11.1 Melting Caused by Electrical Arcing. Electrical arcing 
produces very high temperatures and localized heating in the 
path of the arc, which typically melts electrical conductors at 
the locations where the arc makes contact with them. Because 
the arc itself is normally small in area and short in duration, 
the arc damage is localized, with a sharp line of demarcation 
between the melted and unmelted portions of the conductor. 
Magnification may be necessary to detect the demarcation 
between the melted and unmelted regions on a conductor. 

The result of arc damage can be notches in the sides of the 
conductors [see Figure 6.10.2(a) and Figure 6.10.3(e)], or 
rounded or irregular-shaped beading on the end of a severed 
conductor [see Figures 6.10.3(a), 6.10.3(b), 6.10.3(c), 6.10.3(d), 
and 6.10.3(f)]. Arcing often produces sparks that are sprayed 
from the arc location and that may collect on nearby areas of 
the conductor. 


6.11.2 Melting Caused by Fire. In contrast to melting caused 
by an arc, when conductors are melted by fire, the damage is 
spread over a larger area without a distinct line of demarcation 
between the melted and unmelted regions (see 6.10.6.2). Con- 
ductors melted by fire may exhibit irregular or rounded glob- 
ules, or smooth or rough tapered ends. 


6.11.3 Considerations and Cautions. Laboratory experiments, 
combined with the knowledge of basic chemical, physical, and 


electrical sciences, indicate that some prior beliefs are incor- 
rect or are correct only under limited circumstances. 


6.11.4 Undersized Conductors. Undersized conductors, such 
as a 14 AWG conductor in a 20 A circuit, are sometimes 
thought to overheat and cause fires. There is a large safety fac- 
tor in the allowed ampacities. Although the current in a 
14 AWG conductor is supposed to be limited to 15 A, the extra 
heating from increasing the current to 20 A would not neces- 
sarily indicate a fire cause. The higher operating temperature 
would deteriorate the insulation faster but would not melt it or 
cause it to fall off and bare the conductor without some addi- 
tional factors to generate or retain heat. The presence of 
undersized conductors or overfused protection is not proof of 
a fire cause. (See 6.2.16.) 


6.11.5 Nicked or Stretched Conductors. Conductors that are 
reduced in cross section by being nicked or gouged are some- 
times thought to heat excessively at the nick. Calculations and 
experiments have shown that the additional heating is negligi- 
ble. Also, it is sometimes thought that pulling conductors 
through conduit can stretch them like taffy and reduce the 
cross section to a size too small for the ampacity of the protec- 
tion. Copper conductors do not stretch that much without 
breaking at the weakest point. Whatever stretching can occur 
before the range of plastic deformation is exceeded would not 
cause either a significant reduction in cross section or exces- 
sive resistance heating. 


6.11.6 Collecting Evidence. Damage to electrical conductors 
should be treated as potential evidence. The damaged portion 
of the relevant conductors should be documented at the fire 
scene before being disturbed. The documentation should 
include the location of the damage and whether the wiring 
was from a branch circuit or from an electrical device. 

If the damaged conductor is to be cut from its circuit, the 
cut should not be made in the damaged portion. Instead, it 
should be cut far enough away from the damaged area to 
include a section of unmelted or undamaged conductor. The 
conductors should not be cleaned, because the surface mate- 
rial is evidence that may be needed for future analysis and eval- 
uation. The evidence should be preserved and packaged so as 
to protect it from mechanical abrasion, accidental fracture of 
the wires, or other damage. Different pieces of evidence 
should be packaged separately. 


6.11.7 Deteriorated Insulation. When thermoplastic insula- 
tion deteriorates with age and heating, it tends to become brit- 
tle and will crack if bent. Those cracks do not allow leakage 
current unless conductive solutions get into the cracks. Rub- 
ber insulation does deteriorate more easily than thermoplastic 
insulation and loses more mechanical strength. Thus, rubber- 
insulated lamp or appliance cords that are subject to being 
moved can become hazardous because of embrittled insula- 
tion breaking off. However, simple cracking of rubber insula- 
tion, as with thermoplastic insulation, does not allow leakage 
of current unless conductive solutions get into the cracks. 


6.11.8* Overdriven or Misdriven Staple. Staples driven too 
hard over nonmetallic cable have been thought to cause heat- 
ing or some kind of faulting. The suppositions range from 
induced currents because of the staple being too close to the 
conductors to actually cutting through the insulation and 
touching the conductors. A properly installed cable staple 
with a flattened top cannot be driven through the insulation. 
If the staple is bent over, the edge of it can be driven through 
the insulation to contact the conductors. In that case, a short 
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circuit or a ground fault would occur. That event should be 
evident after a fire by bent points of the staple and by melt 
spots on the staple or on the conductors unless obliterated by 
the ensuing fire. A short circuit should cause the circuit over- 
current protection to operate and prevent any further dam- 
age. There would not be any continued heating at the contact, 
and the brief parting arc would not ignite the insulation on 
the conductor or the wood to which it was stapled. 

If a staple is misdriven so that one leg of the staple pene- 
trates the insulation and contacts both an energized conduc- 
tor and a grounded conductor, then a short circuit or ground 
fault will result. If the staple severs the energized conductor, a 
heating connection may be formed at that point. 


6.11.9 Short Circuit. A short circuit (i.e., low resistance and 
high current) in wiring on a branch circuit has been thought 
to ignite insulation on the conductors and to allow fire to 
propagate. Normally, the quick flash of a parting arc prior to 
operation of the circuit protection cannot heat insulation 
enough to generate ignitable fumes, even though the temper- 
ature of the core of the arc may be several thousand degrees. 
If the overcurrent protection is defeated or defective, then a 
short circuit may become an overload and, as such, may 
become an ignition source. 


6.11.10 Beaded Conductor. A bead on the end of a conduc- 
tor in and of itself does not indicate the cause of the fire. 


6.12 Static Electricity. 


6.12.1 Introduction to Static Electricity. Static electricity is 
the electrical charging of materials through physical contact 
and separation and the various effects that result from the pos- 
itive and negative electrical charges formed by this process. 
Static electricity is accomplished by the transfer of electrons 
(negatively charged) between bodies, one giving up electrons 
and becoming positively charged, and the other gaining elec- 
trons and becoming oppositely, but equally, negatively charged. 

Common sources of static electricity include the following: 


(1) Pulverized materials passing through chutes or pneu- 
matic conveyors 

(2) Steam, air, or gas flowing from any opening in a pipe or 
hose, when the steam is wet or when the air or gas stream 
contains particulate matter 

(3) Nonconductive power or conveyor belts in motion 

(4) Moving vehicles 

(5) Nonconductive liquids flowing through pipes or splash- 
ing, pouring, or falling 

(6) Movement of clothing layers against each other or con- 
tact of footwear with floors and floor coverings while 
walking 

(7) Thunderstorms that produce violent air currents and 
temperature differences that move water, dust, and ice 
crystals, creating lightning 

(8) Motions of all sorts that involve changes in relative posi- 
tion of contacting surfaces, usually of dissimilar liquids or 
solids 


6.12.2 Generation of Static Electricity. The generation of static 
electricity cannot be prevented absolutely, but this is of little 
consequence because the development of electrical charges 
may not in itself be a potential fire or explosion hazard. For 
there to be an ignition, there must be a discharge or sudden 
recombination of the separated positive and negative charges in 
the form of an electric arc in an ignitable atmosphere. 
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When an electrical charge is present on the surface of a 
nonconducting body, where it is trapped or prevented from 
escaping, it is called static electricity. An electric charge on a 
conducting body that is in contact only with nonconductors is 
also prevented from escaping and is therefore nonmobile or 
static. In either case, the body is said to be charged. The charge 
may be either positive (+) or negative (—). 


6.12.2.1* Ignitable Liquids. Static is generated when liquids 
move in contact with other materials. This commonly occurs 
in operations such as flowing through pipes, and in mixing, 
pouring, pumping, spraying, filtering, or agitating. Under cer- 
tain conditions, particularly with liquid hydrocarbons, static 
may accumulate in the liquid. If the accumulation of charge is 
sufficient, a static arc may occur. If the arc occurs in the pres- 
ence ofa flammable vapor-air mixture, an ignition may result. 


Filtering with some types of clay or microfilters substan- 
tially increases the ability to generate static charges. Tests and 
experience indicate that some filters of this type have the abil- 
ity to generate charges 100 to 200 times higher than achieved 
without such filters. 

The electrical conductivity of a liquid is a measure of its 
ability to create, accumulate, and hold a charge. The lower the 
conductivity, the greater the ability of the liquid to create and 
hold a charge. Common liquids that have low conductivity and 
therefore represent a hazardous static potential are given in 
Table 6.12.2.1. For comparison, distilled water has a conduc- 
tivity of 100,000,000 pico-siemen. 


Table 6.12.2.1 Common Liquids that Have Low Conductivity 


Conductance per Meter 


Typical Conductivity Product in Pico-Siemen* 


Highly purified hydrocarbons? 0.01 
Light distillates? 0.01 to 10 
Commercial jet fuel? 0.2 to 50 
Kerosene? 1 to 50 
Leaded gasoline? above 50 
Fuel with antistatic additives> 50 to 300 


Black oils# 1000 to 100,000 


“Pico-siemen is the reciprocal of ohms. One pico-siemen is 1 trillionth 
(1 x 10-!2) of a siemen. 

aAPI RP 2003, Protection Against Ignitions Arising Out of Static, Lightning, 
and Stray Currents. 

bBustin and Duket, Electrostatic Hazards in Petroleum Industry. 


6.12.2.2 Charges on the Surface of a Liquid. If an electrically 
charged liquid is poured, pumped, or otherwise transferred 
into a tank or container, the unit charges of similar polarity 
within the liquid will be repelled from each other toward the 
outer surfaces of the liquid, including not only the surfaces in 
contact with the container walls but also the top surface adja- 
cent to the air or vapor space, if any. It is the latter charge, often 
called the surface charge, that is of most concern in many situa- 
tions. In most cases, the container is of metal, and hence elec- 
trically conductive. 

Even if the tank shell is grounded, the time for the charge 
to dissipate, known as relaxation time, may be as little as a few 
seconds up to several minutes. This relaxation time is depen- 
dent on the conductivity of the liquid and the rate and manner 
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that the liquid is being introduced into the tank, therefore, the 
rate at which the electrostatic charge is being accumulated. 

If the electrical potential difference between any part of 
the liquid surface and the metal tank shell should become 
high enough, the air above the liquid may become ionized 
and an arc may discharge to the shell. However, an arc to the 
tank shell is less likely than an arc to some projection or to a 
conductive object lowered into the tank. These projections or 
objects are known as spark (i.e., arc) promoters. No bonding 
or grounding of the tank or container can remove this inter- 
nal charge. 

If the tank or container is ungrounded, the charge can also 
be transmitted to the exterior of the tank and can arc to any 
grounded object brought into proximity to the now charged 
tank external surface. 


6.12.2.3* Switch Loading. Switch loading is a term used to 
describe a product being loaded into a tank or compartment 
that previously held a product of different vapor pressure and 
flash point. Switch loading can result in an ignition when a low 
vapor pressure/higher flash point product, such as fuel oil, is 
put into a cargo tank containing a flammable vapor from a 
previous cargo, such as gasoline. Discharge of the static nor- 
mally developed during the filling can ignite the vapor-air 
mixture remaining from the low flash point liquid. 


6.12.2.4 Spraying Operations. High-pressure spraying of ignit- 
able liquids, such as in spray painting, can produce significant 
static electric charges on the surfaces being sprayed and the 
ungrounded spraying nozzle or gun. 

If the material being sprayed can create an ignitable atmo- 
sphere, such as with paints utilizing flammable solvents, a 
static discharge can ignite the fuel—air mixture. 

In general, high-pressure airless spraying apparatus have a 
higher possibility for creating dangerous accumulations of 
static than low-pressure compressed air sprayers. 


6.12.2.5 Gases. When flowing gas is contaminated with 
metallic oxides or scale particles, with dust, or with liquid 
droplets or spray, static electric accumulations may result. A 
stream of particle-containing gas directed against a conduc- 
tive object will charge the object unless the object is 
grounded or bonded to the liquid discharge pipe. If the 
accumulation of charge is sufficient, a static arc may occur. If 
the arc occurs in the presence of an ignitable atmosphere, an 
ignition may result. 


6.12.2.6 Dusts and Fibers. Generation of a static charge can 
happen during handling and processing of dusts and fibers in 
industry. Dust dislodged from a surface or created by the pour- 
ing or agitation of dust-producing material, such as grain or 
pulverized material, can result in the accumulation of a static 
charge on any insulated conductive body with which it comes 
in contact. 

The minimum electrical energy required to ignite a dust 
cloud is typically in the range of 10 to 100 millijoules. Thus, 
many dusts can ignite with less energy than might be 
expended by a static arc from machinery or the human body. 


6.12.2.7 Human Body. The human body can accumulate an 
electric charge that in dry atmospheres (e.g., less than 50 per- 
cent relative humidity) can be as high as several thousand 
volts. 


6.12.2.8 Clothing. Outer garments can build up considerable 
static charges when layers of clothing are separated, moved 
away from the body, or removed entirely, particularly when of 


dissimilar fabrics. For some materials (particularly synthetic 
polymers) and/or low humidity conditions, an electrostatic 
charge may be accumulated. The use of synthetic fabrics and 
the removal of outer garments in ignitable atmospheres can 
become an ignition source. 


6.12.3* Incendive Arc. An arc that has enough energy to 
ignite an ignitable mixture is said to be incendive. A nonincen- 
dive arc does not possess the energy required to cause ignition 
even if the arc occurs within an ignitable mixture. An ignitable 
mixture is commonly a gas, vapor of an ignitable liquid, or dust. 
When the stored energy is high enough, and the gap 
between two bodies is small enough, the stored energy is 
released, producing an arc. The energy so stored and released 
by the arc is related to the capacitance of the charged body 
and the voltage in accordance with the following formula: 


where: 
E, = energy in joules 
C= capacitance in farads 
V= voltage in volts 


Static arc energy is typically reported in thousandths of a 
joule (millijoules or mJ). 


6.12.4* Ignition Energy. The ability of an arc to produce igni- 
tion is governed largely by its energy and the minimum igni- 
tion energy of the exposed fuel. The energy of the static arc 
will necessarily be some fraction of its total stored energy. 
Some of the total stored energy will be expended in heating 
the electrodes. With flat plane electrodes, the minimum arc 
voltage to jump a gap (0.01 mm) is 350 V. Increased gap 
widths require proportionately larger voltages; for example, 
1 mm requires approximately 4500 V. 

Though as little as 350 V is required to arc across a small 
gap, it has been shown by practical and experimental experi- 
ence that, because of heat loss to the electrodes, arcs arising 
from electrical potential differences of at least 1500 V are 
required to be incendive. 

Dusts and fibers require a discharge energy of 10 to 100 
times greater than gases and vapors for arc ignitions of opti- 
mum mixtures with air. See Table 3.3.4 and Table 18.13.2 for 
additional minimum ignition energies. 


6.12.5 Controlling Accumulations of Static Electricity. A static 
charge can be removed or can dissipate naturally. A static 
charge cannot persist except on a body that is electrically insu- 
lated from its surroundings. 


6.12.5.1 Humidification. Many commonly encountered mate- 
rials that are not usually considered to be electrical conduc- 
tors — such as paper, fabrics, carpet, clothing, and cellulosic 
and other dusts — contain certain amounts of moisture in 
equilibrium with the surrounding atmosphere. The electrical 
conductivity of these materials is increased in proportion to 
the moisture content of the material, which depends on the 
relative humidity of the surrounding atmosphere. 

Under conditions of high relative humidity, 50 percent or 
higher, these materials and the atmosphere will reach equilib- 
rium and contain enough moisture to make the conductivity 
adequate to prevent significant static electricity accumula- 
tions. With low relative humidities of approximately 30 per- 
cent or less, these materials dry out and become good 
insulators, so static accumulations are more likely. 
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Materials such as plastic or rubber dusts or machine drive 
belts, which do not appreciably absorb water vapor, can 
remain insulating surfaces and accumulate static charges even 
though the relative humidity approaches 100 percent. 

The conductivity of the air itself is not appreciably 
increased by humidity. 


6.12.5.2 Bonding and Grounding. Bonding is the process of 
electrically connecting two or more conductive objects. 
Grounding is the process of electrically connecting one or 
more conductive objects to ground potential and is a specific 
form of bonding. 

A conductive object may also be grounded by being 
bonded to another conductive object that is already at ground 
potential. Some objects, such as underground metal pipe or 
large metal tanks resting on the earth, may be inherently 
grounded by their contact with the earth. 

Bonding minimizes electrical potential differences between 
objects. Grounding minimizes potential differences between 
objects and the earth. Examples of these techniques include 
metal-to-metal contact between fixed objects and pickup 
brushes between moving objects and earth. 

Investigators should not take the conditions of bonding or 
grounding for granted just by the appearance or contact of 
the objects in question. Specific electrical testing should be 
done to confirm the bonding or grounding conditions. 

If static arcing is suspected as an ignition source, examina- 
tion and testing of the bonding, grounding, or other conduc- 
tive paths should be made by qualified personnel using the 
criteria in NFPA 77, Recommended Practice on Static Electricity. 


6.12.6 Conditions Necessary for Static Arc Ignition. In order 
for a static discharge to be a source of ignition, five conditions 
must be fulfilled: 


(1) There must be an effective means of static charge gener- 
ation. 

(2) There must be a means of accumulating and maintaining 
a charge of sufficient electrical potential. 

(3) There must be a static electric discharge arc of sufficient 
energy. (See Section 16.3.) 

(4) There must be a fuel source in the appropriate mixture 
with a minimum ignition energy less than the energy of 
the static electric arc. (See Section 16.4.) 

(5) The static arc and fuel source must occur together in the 
same place and at the same time. 


6.12.7 Investigating Static Electric Ignitions. Often the inves- 
tigation of possible static electric ignitions depends on the dis- 
covery and analysis of circumstantial evidence and the 
elimination of other ignition sources, rather than on direct 
physical evidence. 

In investigating static electricity as a possible ignition 
source, the investigator should identify whether or not the five 
conditions necessary for ignition existed. 

An analysis must be made of the mechanism by which static 
electricity was generated. This analysis should include the 
identification of the materials or implements that caused the 
static accumulation, the extent of their electrical conductivity, 
and their relative motion, contact and separation, or means by 
which electrons are exchanged. 

The means of accumulating charge to sufficient levels 
where it can discharge in the form of an incendive arc should 
be identified. The states of bonding, grounding, and conduc- 
tance of the material that accumulates the charge or to which 
the arc discharges should be identified. 
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Local records of meteorological conditions, including rela- 
tive humidity, should be obtained and the possible influence 
on static accumulation or dissipation (relaxation) considered. 

The location of the static electric arc should be determined 
as exactly as possible. In doing so, there is seldom any direct 
physical evidence of the actual discharge arc, if it occurred. 
Occasionally, there are witness accounts that describe the arc 
taking place at the time of the ignition. However, the investi- 
gator should endeavor to verify witness accounts through anal- 
ysis of physical and circumstantial evidence. 

The investigator should determine whether the arc dis- 
charge could have been of sufficient energy to be a competent 
ignition source for the initial fuel. 

The potential voltage and energy of the arc in relation to 
the size of the arc gap should be calculated to determine 
whether the incendive arc is feasible. 

The possibility for the incendive arc and the initial fuel (in 
the proper configuration and mixture) to exist in the same 
place at the same time should be established. 


6.12.8* Lightning. Lightning is another form of static elec- 
tricity in which the charge builds up on and in clouds and on 
the earth below. Movement of water droplets, dust, and ice 
particles in the violent winds and updrafts of a thunderstorm 
build up a polarized electrostatic charge in the clouds. When 
sufficient charge builds up, a discharge occurs in the form of 
a lightning stroke between the charged cloud and objects of 
different potential. 

Lightning strokes may occur between clouds or between 
clouds and the earth. In the latter, charges of opposite polarity 
are generated in the cloud, while the charge in the ground 
below the cloud is induced by the cloud charge. In effect, the 
result is a giant capacitor, and when the charge builds up suf- 
ficiently, a discharge occurs. 


6.12.8.1 Lightning Bolt Characteristics. Typically lightning bolts 
have a core of energy plasma !/» to 3/4 in. (1.27 to 1.9 cm) in 
diameter, surrounded by a 4 in. (10.2 cm) thick channel of 
superheated ionized air. Lightning bolts average 24,000 A but 
can exceed 200,000 A, and potentials can range up to 
15,000,000 V. 


6.12.8.2 Lightning Strikes. Lightning tends to strike the tall- 
est object on the ground in the path of its discharge. Light- 
ning enters structures in four ways: 


(1) By striking a metallic object like a TV antenna, a cupola, 
or an air-conditioning unit extending up and out from 
the building roof 

(2) By directly striking the structure 

(3) By hitting a nearby tree or other tall structure and mov- 
ing horizontally to the building 

(4) By striking nearby overhead conductors and by being 
conducted into buildings along the normal power lines 


The bolt generally follows a conductive path to ground. At 
points along its path, the main bolt may divert, for example, 
from wiring to plumbing, particularly if underground water 
piping is used as a grounding device for the structure’s electri- 
cal system. 


6.12.8.3 Lightning Damage. Damage by lightning is caused 
by two characteristic properties: first, the extremely high 
electrical potentials and energy in a lightning stroke; and 
second, the extremely high heat energy and temperatures 
generated by the electrical discharge. Examples of these 
effects are as follows. 
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(a) A tree may be shattered by the explosive action of the 
lightning stroke striking the tree and the heat immediately 
vaporizing the moisture in the tree into steam, causing explo- 
sive effects. 

(b) Copper conductors not designed to carry the thou- 
sands of amperes of a lightning stroke may be melted, severed, 
or completely vaporized by the overcurrent effect of a light- 
ning discharge. It is also characteristic for electrical conduc- 
tors that have experienced significant overcurrents to become 
severed and disjointed at numerous locations along their 
length, due to the extremely powerful magnetic fields gener- 
ated by such overcurrents. 

(c) When lightning strikes a steel-reinforced concrete 
building, the electricity may follow the steel reinforcing rods 
as the least resistive conductive path. The high energy and 
high temperature may destroy the surrounding concrete with 
explosive forces. 


6.12.8.4 Lightning Detection Networks. Lightning detection 
networks exist that may assist in establishing time and location 
(to within 500 meters) of a lightning strike. Historical data is 
also available, including report of any lightning strikes 
detected within a specified time prior to a fire. 


Chapter 7 Building Fuel Gas Systems 


7.1 Introduction. Fuel gas systems are found in or near most 
dwelling, storage, commercial, or industrial use structures. 
They commonly provide fuel for environmental comfort, 
water heating, cooking, and manufacturing processes. They 
can be fuel sources for fires in these structures. The fire inves- 
tigator or analyst should have a basic understanding of fuel 
gases and the appliances and equipment that utilize them. 
NFPA 54, National Fuel Gas Code, and NFPA 58, Liquefied Petro- 
leum Gas Code, are generally considered to be the leading stan- 
dards on this topic. 


7.1.1 Impact of Fuel Gases on Fire and Explosion Investiga- 
tions. Building fuel gas systems can influence the way a build- 
ing burns in four ways: as an initial fuel source, as an initial 
ignition source, as both fuel and ignition sources, and as fac- 
tors influencing fire spread. These influences can complicate 
the investigative process. The investigator should know at least 
the rudiments of fuel gas systems, how they work, and how 
they fail. 


7.1.1.1 Fuel Sources. Fuel gases that escape from their pip- 
ing, storage, or utilization systems can serve as easily ignited 
fuels for fires and explosions. These gases are commonly 
referred to as fugitive gases. 


7.1.1.2 Ignition Sources. Ignition temperatures for most fuel 
gases range from approximately 723°F to 1170°F (384°C to 
632°C). Minimum ignition energies are as low as 0.2 mJ. Thus, 
they are easily ignited from most commonly encountered igni- 
tion sources, 

The open flames of fuel gas burners or pilot lights can serve 
as competent ignition sources for fuel gases and other fuels, 
particularly flammable gases or the vapors of ignitable liquids 
and dusts. 

Overheated fuel gas utilization equipment or improperly 
installed appliances or flue vents can cause the ignition of 
solid fuels, such as where wooden structural building compo- 
nents or improperly stored combustibles are involved, or 
where proper clearances are not maintained. 


7.1.1.3 Both Fuel and Ignition Sources. On many occasions, 
the fuel gas piping and utilization systems, including burners 
and pilot lights, can serve as both the source of fuel and the 
ignition source. 


7.1.2 Additional Fire Spread. During fire or explosion events, 
disrupted fuel gas systems can provide additional fuel and can 
greatly change or increase fire spread rates, or can spread fire 
to areas of the structure that would not normally be burned. 
The flames issuing from broken fuel gas lines (often called 
jlaves) can spread fire and burn through structural components. 


Pockets of fuel gas that are ignited during the fire event can 
create evidence of separate fire origins, flash fires, or explo- 
sions, causing increased fire spread. 


7.2* Fuel Gases. Fuel gases by definition include natural gas, 
liquefied petroleum gas in the vapor phase only, liquefied 
petroleum gas—air mixtures, manufactured gases, and mix- 
tures of these gases, plus gas—air mixtures within the flamma- 
ble range, with the fuel gas or the flammable component of a 
mixture being a commercially distributed product. The fuel 
gases most commonly encountered by the fire and explosion 
investigator will be natural gas and commercial propane. 


7.2.1 Natural Gas. Natural gas is a naturally occurring largely 
hydrocarbon gas product recovered by drilling wells into under- 
ground pockets, often in association with crude petroleum. 
Though exact percentages differ with geographic areas, and 
there are no standards that specify its composition, natural gas 
is mostly methane, with lesser amounts of nitrogen, ethane, pro- 
pane, and with traces of butane, pentane, hexane, carbon diox- 
ide, and oxygen. The percentages may vary widely and have 
been reported in mixtures that range from 72 percent to 95 per- 
cent methane, 3 percent to 13 percent ethane, <1 percent to 4 
percent propane, and <1 percent to 18 percent nitrogen. 
Natural gas is lighter than air. Depending upon the exact 
composition, it has a vapor density of 0.59 to 0.72, a lower 
explosive limit (LEL) of 3.9 percent to 4.5 percent, and an 
upper explosive limit (UEL) of 14.5 percent to 15 percent. Its 
ignition temperature is 900°F to 1170°F (483°C to 632°C). 


7.2.2 Commercial Propane. Propane is derived from the 
refining of petroleum. Liquefied petroleum gases can be liq- 
uefied under moderate pressure at normal temperatures. This 
ability to condense the LP-Gases makes them more convenient 
to store and ship than natural gas and thus makes propane 
particularly suitable for rural and relatively inaccessible areas 
or for use with portable equipment and appliances. In popu- 
lated areas where natural gas is unavailable, propane is some- 
times premixed with air and piped to consumers at relatively 
low pressures through central underground distribution sys- 
tems similar to that of natural gas. 


Commercial propane is a minimum of 95 percent propane 
and propylene and a maximum of 5 percent other gases. The 
average content of propylene in commercial propane is 5 per- 
cent to 10 percent. 

Propane gas is heavier than air. It has a vapor density of 
approximately 1.5 to 2.0, a lower explosive limit (LEL) of 2.15 
percent, and an upper explosive limit (UEL) of 9.6 percent. 
Its ignition temperature is 920°F to 1120°F (493°C to 604°C). 


7.2.3 Other Fuel Gases. Other fuel gases that may be encoun- 
tered by the investigator, particularly in commercial, indus- 
trial, or nondwelling settings, include commercial butane, 
propane HD5, and manufactured gases. 
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7.2.3.1 Commercial Butane. Commercial butane is a mini- 
mum of 95 percent butane and butylene and a maximum of 5 
percent other gases, with the butylene component usually 
kept below 5 percent. 


7.2.3.2 Propane HD5. Propane HD5 isa special grade of pro- 
pane for motor fuel and other uses requiring more restrictive 
specifications than regular commercial propane. It is 95 per- 
cent propane and a maximum of 5 percent other gases. 


7.2.3.3, Manufactured Gases. Manufactured gases are com- 
bustible gases produced from coal, coke, or oil; chemical pro- 
cesses; or by reforming of natural gas or liquefied petroleum 
gases or mixtures of such gases. They are most commonly used 
in industrial applications. The most common of the manufac- 
tured gases are acetylene, coke oven gas, and hydrogen. 


7.2.4 Odorization. LP-Gas and commercial natural gas may 
not have a readily identifiable odor in their natural state. To 
increase the detectability of natural gas, an odorant blend con- 
taining +butyl mercaptan, thiopane, or other mercaptans is 
usually added. To increase the detectability of LP-Gas, ethyl 
mercaptan or thiopane is usually added. These odorants are 
required by law and fire code; 49 CFR 129.625 states, “A com- 
bustible gas in a distribution line must contain a natural odor- 
ant or be odorized so that at concentration in air of one-fifth 
of the lower explosive limit, the gas is readily detectable by a 
person with a normal sense of smell.” Subsection 1.3.1 of 
NFPA 58, Liquefied Petroleum Gas Code, states, “All LP-Gases 
shall be odorized prior to delivery to a bulk plant by the addi- 
tion of a warning agent of such character that the gases are 
detectable, by a distinct odor, to a concentration in air of not 
over one-fifth the lower limit of flammability.” The odorant for 
natural gas is added by the local distribution company prior to 
the introduction of the gas into the distribution system. Natu- 
ral gas in long-distance transmission pipelines is usually not 
odorized. The odorant in LP-Gas is added by the gas supplier 
prior to delivery to an LP-Gas distributor’s bulk plant. 


Odorant verification should be a part of any explosion inves- 
tigation involving or potentially involving fuel gas if it appears 
that there were no indications of a leaking gas being detected 
by people present. The odorant’s presence, in the proper 
amount, should be verified. Specialized chemical detectors 
called stain tubes can be used in the field, and gas chromatogra- 
phy can be used as a lab test for more accurate results. 


The utilization of stain tubes requires that the identity of 
the odorant in the gas be known, as there is no universal stain 
tube for all odorants. ASTM D 5305, Standard Test Method for 
Determination of Ethyl Mercaptan in LP-Gas Vapor, is a standard 
for propane odorant determination by stain tubes. There is no 
similar standard for natural gas odorants. A sample of the gas 
(or liquid for LP-Gas) requires that the sample be properly 
taken. ASTM D 1265, Standard Practice for Sampling Liquefied 
Petroleum (LP) Gases (Manual Method), covers the proper 
method for sampling LP-Gas. The utilization of Tedlar® bags 
is suggested for natural gas samples that are to be used for 
odorant verification. Gas samples taken from a propane tank 
give only a fraction of the information that can be obtained 
from a liquid sample. Not all laboratories can analyze gases or 
liquids for odorant content. The ability of the lab to analyze 
this should be verified prior to sending the sample, as these 
samples should be analyzed as rapidly as possible. 


Some individuals cannot detect these odorants for various 
reasons, and under certain conditions the odorant’s effective- 
ness can be reduced to a point that it cannot be detected. 
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7.3 Natural Gas Systems. A difference between natural gas 
systems and propane systems is that natural gas is typically 
piped directly to the consumers’ buildings from centralized 
production and storage facilities. The piping systems that 
deliver natural gas to the customer are quite complex, with 
many intervening procedures and pressure changes from col- 
lection to ultimate use. 


7.3.1* Transmission Pipelines. Pipelines used to convey nat- 
ural gas from storage or production facilities to local utilities 
are called transmission pipelines. In long-distance transmission 
pipelines, natural gas companies use pressures up to 1200 psi 
(8275 kPa). 


7.3.2 Distribution Pipelines (Mains). Pipelines used to distrib- 
ute natural gas in centralized grid systems for use by residen- 
tial and business customers are called distribution pipelines or 
mains. Normal operating pressures in distribution pipelines 
vary widely among gas utility companies in different geograph- 
ical areas. Pressures in distribution pipelines seldom exceed 
150 psi (1035 kPa) in high-pressure systems and are typically 
60 psi or less (414 kPa or less). Rural distribution systems, 
which must deliver gas to more distant customers, are neces- 
sarily at higher pressures than urban systems. 


7.3.3 Service Lines. Natural gas service lines, sometimes 
called service laterals, are piping systems connecting the gas 
company’s mains to the individual customer. They typically 
terminate at the regulator and utility meter. The minimum 
and maximum pressures delivered to customers’ services 
after final pressure regulation are generally in the range of 
4in. to 10 in. w.c. (1.0 kPa to 2.5 kPa). 


7.3.4 Metering. A gas meter is an instrument installed on a 
gas system to measure the volume of gas delivered through it. 
Depending on local rules, gas meters may be considered to be 
part of the gas utility company’s service line or the property of 
the gas customer. 

NFPA 54, National Fuel Gas Code, requires that gas meters be 
installed at least 3 ft (0.9 m) from sources of ignition and be 
protected from physical damage, extremes of temperature, 
overpressure, back pressure, or vacuum. 


7.4 LP-Gas Systems. One difference between LP-Gas systems 
and natural gas systems is the storage and delivery of the fuel 
gases to the user’s service piping. Typically, propane is deliv- 
ered to the service customer’s system in a compressed (liquid) 
state. It is delivered to the consumer by tank truck, with liquid 
transfer to the consumer’s tank. In some isolated areas, where 
natural gas service is not available, underground propane or 
propane-air transmission and distribution piping systems sim- 
ilar to those discussed in Section 7.3 are used, though at gen- 
erally lower pressures. Propane is the most commonly used 
LP-Gas, but butane and other LP-Gases or blends are used in 
some warm climates. 


7.4.1 LP-Gas Storage Containers. LP-Gas storage containers 
may be cylinders, tanks, portable tanks, and cargo tanks. Spe- 
cific definitions for these can be found in the various regula- 
tory standards and guides. The American Society of 
Mechanical Engineers (ASME) and the Department of Trans- 
portation (DOT) are the two agencies that govern the design 
and fabrication of portable tanks and cylinders. Generally, cy/- 
inders refers to upright containers of 1000 Ib (454 kg) water 
capacity or less and are governed by DOT regulations. Station- 
ary tanks have greater than 1000 Ib (454 kg) water capacity 
and are typically used as a fuel container for a residential or 
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commercial structure. These tanks are governed by ASME reg- 
ulations. In storage containers, propane is kept under pres- 
sure in both the liquid and gaseous states. Normally, in 
residential use, the propane is drawn from the vapor space of 
the storage container. 

Propane tanks and cylinders are typically designed with 
maximum working pressures of 200 psi to 250 psi (1379 kPa to 
1724 kPa). 


7.4.1.1* Tanks. Residential and small commercial systems 
generally store LP-Gas in aboveground ASME stationary tanks 
of up to 1000 gal (3.786 m*) water capacity, 800 gal to 900 gal 
(3.029 m?) LP-Gas capacity. Many localities place tanks under- 
ground in order to minimize problems with heat or cold. 


7.4.1.2* Cylinders. Portable containers, usually referred to as 
DOT cylinders since they must conform to the regulations of 
the United States Department of Transportation, are com- 
monly used for rural homes and businesses, mobile homes, 
motor fuel, recreational vehicles, and outdoor barbecue grills. 


7.4.2 Container Appurtenances. Container appurtenances are 
items connected to container openings. These include, but 
are not limited to, pressure relief devices, connections for flow 
control, liquid level gauges, pressure gauges, and plugs. 


7.4.2.1 Pressure Relief Devices. Pressure relief devices are 
designed to open to prevent a rise of internal fluid pressure 
in excess of a specified value [usually 250 psi (1724 kPa) ] 
due to emergency or abnormal conditions, such as fire. LP- 
Gas containers are equipped with one or more relief devices 
that, except for certain DOT regulations, are designed to 
relieve vapor. 

Fusible plug devices, which are designed to operate (open) 
at a certain temperature, also serve to release unsafe pressures. 
(See 7.4.2.5.) 

Pressure relief devices include several types of internal and 
external pressure relief valves designed to open and close to 
maintain internal fluid pressure. 


7.4.2.2 Connections for Flow Control. Shutoff valves, excess- 
flow check valves, backflow valves, and quick-closing internal 
valves used individually or in combinations are utilized at con- 
tainer filling, withdrawal, and equalizing connections. 


7.4.2.3 Liquid Level Gauging Devices. Gauges indicate the 
level of liquid propane within a container. Gauge types 
include fixed, such as fixed maximum level, and variable, such 
as float or magnetic, rotary, and slip tube. 

Fixed level gauges (i.e., dip tubes) are primarily used to 
indicate when the filling of a tank or cylinder has reached the 
maximum allowable fill volume of the container. They do not 
indicate liquid levels above or below their fixed lengths. 

Variable gauges give readings of the liquid contents of con- 
tainers, primarily tanks or large cylinders. They give readings 
at virtually any level of liquid volume. 


7.4.2.4 Pressure Gauges. Pressure gauges, which are attached 
directly to a container opening or to a valve or fitting that is 
attached directly to a container opening, read the vapor space 
pressure of the container. Pressure gauges do not indicate the 
level of liquid within a container. 

Pressure gauges are also used in various areas of system pip- 
ing if needed. 


7.4.2.5 Fusible Plugs. DOT cylinders must be equipped with 
pressure relief valves or fusible plugs. A fusible plug relieves 


the pressure at a certain point and generally is not reusable 
and must be replaced. Aboveground ASME tanks of volumes 
less than 1200 Ib (544 kg) water capacity may be equipped with 
fusible plug devices communicating directly with the vapor 
space and with a melting or yield point of 208°F (98°C) mini- 
mum and 220°F (104°C) maximum. 


7.4.3 Pressure Regulation. Pressure in propane storage tanks 
and cylinders is the vapor pressure of the propane and is 
dependent on the temperature of the liquid propane. The 
vapor pressure gauge of propane ranges from 28 psi (193 kPa) 
at 0°F (—18°C), to 127 psi (876 kPa) at 70°F (21°C), to 286 psi 
(1972 kPa) at 130°F (54°C). 


For use with utilization equipment, the pressure is typically 
reduced in one or two stages by regulators to a working pres- 
sure of 11 in. w.c. to 14 in. w.c. (2.74 kPa to 3.47 kPa) before 
entering the service piping system. 


7.4.4 Vaporizers. Where larger quantities of propane are 
required, such as for industrial applications, or where cold 
weather will hamper vaporization, specifically designed heaters 
called vaporizers are used to heat and vaporize the propane. 


7.5 Common Fuel Gas System Components. Fuel gas deliv- 
ery system components are common or similar for the various 
fuel gases. The following sections describe in general these 
commonly shared components. 


7.5.1 Pressure Regulation (Reduction). Pressure regulators 
are devices placed in a gas line system for reducing, controlling, 
and maintaining the pressure in that portion of the piping sys- 
tem downstream of the device. Regulators can be used singly or 
in combination to reduce the gas line pressures in stages. 


The most common regulators in natural gas or propane 
consumer service are of the diaphragm, or lever, type. In a dia- 
phragm regulator, the flow of the inlet gas at high pressure is 
controlled by a shutoff disc, or seal, and gas at a specific lower 
pressure is discharged through the regulator outlet. The dia- 
phragm is made of a rubberlike material, and its movement is 
controlled by adjustable spring pressure. Movement of the dia- 
phragm controls the opening of the regulator inlet valve and 
its integral seal. 


The proper operation of the regulator vent is important to 
the proper operation of diaphragm regulators. The vent 
equalizes the pressure above the diaphragm with atmospheric 
pressure and allows the diaphragm to move. If the vent 
becomes clogged or blocked, such as by ice or debris, the reg- 
ulator may not operate properly or the rubberlike diaphragm 
material may be damaged, preventing proper operation. 


In flood-prone areas, pressure regulators should be 
installed above the expected flood line, or the vent should be 
piped above the flood line. Flood waters filled with flood 
debris, such as mud, sticks, and trash, can easily clog or block 
the regulator vent. These conditions can result in an overpres- 
sure condition at downstream piping and at the gas appliance. 


7.5.1.1 Normal Working Pressures. Normal working pres- 
sures in most structures and appliances are measured in inches 
of water column (w.c.), measured on a water-filled manometer. 
One pound per square inch gauge (psi) is equal to 27.67 in. of 
water column. Normal inlet pressure for most nonindustrial 
natural gas appliances is 4 in. w.c. to 10 in. w.c. (1.0 kPa to 
2.5 kPa). Normal inlet pressure for most nonindustrial propane 
appliances is 11 in. to 14 in. w.c. (2.74 kPa to 3.47 kPa). 
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7.5.1.2 Excess Pressures. Pressures significantly in excess of 
those for which appliances, equipment, devices, or piping sys- 
tems are designed can cause gas leakage, damage to equipment, 
malfunction of equipment burners, or abnormally large flames. 


7.5.2 Service Piping Systems. 


7.5.2.1 Materials for Mains and Services. Fuel gas __ piping 
may properly be made of wrought iron, copper, brass, alumi- 
num alloy, or plastic, as long as the material is used with gases 
that are not corrosive to them. Unapproved tubing or piping 
materials utilized in “not-to-code,” homemade applications 
may lead to leaks and the release of fugitive gas. 


7.5.2.2. Underground Piping. Improper installation of under- 
ground piping systems and use of unapproved materials may 
be a cause of gas leaks. Underground piping must be buried 
to a sufficient depth and in appropriate locations to be pro- 
tected from physical damage. The pipe must be protected 
against corrosion. Underground piping under buildings may 
be acceptable, if unavoidable, but must be protected and 
encased in approved conduit designed to withstand the super- 
imposed loads of the structure and contain any gas leakage. 


7.5.3 Valves. Valves are devices used to control the gas flow to 
any section of a system or to an appliance. Examples of valve 
types include the following. 


(a) Automatic Valves. Devices consisting of a valve and oper- 
ating mechanism that controls the gas supply to a burner dur- 
ing operation of an appliance. The operating mechanism may 
be activated by gas pressure, electrical means, or mechanical 
means. 

(b) Automatic Gas Shutoff Valve. A valve used in connection 
with an automatic gas shutoff device to shut off the gas supply 
to a fuel gas burning appliance. 

(c) Individual Main Burner Valve. A valve that controls the 
gas supply to an individual main burner. 

(d) Main Burner Control Valve. A valve that controls the gas 
supply to a main burner manifold. 

(e) Manual Reset Valve. An automatic shutoff valve installed 
in the gas supply piping and set to shut off when unsafe condi- 
tions occur. The device remains closed until manually reset. 


(f) Relief Valves. A safety valve designed to prevent the rup- 
ture of a pressure vessel by relieving excess pressure. 

(g) Service Shutoff Valve. A valve (usually installed by the 
utility gas supplier between the service meter or source of sup- 
ply and the customer piping system) used to shut off gas to the 
entire piping system. 

(h) Shutoff Valve. A valve (located in the piping system and 
readily accessible and operable by the consumer) used to shut 
off individual appliances or equipment. 


7.5.4 Gas Burners. Problems with fuel gas systems, including 
fires, are often caused by use of the inappropriate orifices or 
burners for natural gas or propane. Gas burners are devices 
for the final conveyance of the fuel gas, or a mixture of gas and 
air, to be burned. Though the several types of burners in com- 
mon use are essentially the same in general design for both 
natural gas or propane, they may not be interchangeable from 
one gas usage to another. Physical differences between natural 
gas and propane require different sized burner orifices. 


7.5.4.1 Manual Ignition. Some gas appliances and equip- 
ment are designed to require the manual ignition of their 
burners when utilization of the appliances and equipment is 


2001 Edition 


desired. Some equipment furnished with a standing pilot light 
requires that the pilot light be ignited manually. 


7.5.4.2 Pilot Lights. Automatic ignition of main burners on 
appliances is frequently accomplished by a pilot burner flame. 
For automatic operation by a thermostat, as on automatic 
water heaters and central heating appliances, the gas pilot 
flame must be burning and of sufficient size; otherwise, the 
valve controlling main burner gas flow will not open. 

In some designs, pilot lights themselves may be ignited 
automatically by electric arcs activated when gas is called for at 
the burner. 


7.5.4.3 Pilotless Igniters. This type of ignition system consists 
of an electric ignition means, an electric arc, or a resistance 
heating element such as a glow plug or a glow bar that directly 
ignites the burner flame when gas flow begins. On failure to 
ignite, many, but not all, systems are designed to “lock out” the 
flow of gas to the burner. 


7.6 Common Piping in Buildings. There are several consid- 
erations or requirements for the installation and use of fuel 
gas piping systems in buildings that are common no matter 
which fuel gases are used. 


7.6.1 Size of Piping. The size of piping used is determined by 
the maximum flow requirements of the various appliances 
and equipment that it services. 


7.6.2 Piping Materials. Piping may be made of wrought iron, 
copper, brass, aluminum alloy, or plastic, as long as the mate- 
rial is used with gases that are not corrosive to them. Flexible 
tubing may be of seamless copper, aluminum alloy, or steel. 
Aluminum alloy tubing is generally considered to be not suit- 
able for underground or exterior use. Plastic pipe, tubing, 
and fittings are to be used for outside underground installa- 
tions only. 


7.6.3 Joints and Fittings. Piping joints may be screwed, flanged, 
or welded, and nonferrous pipes may be soldered or brazed. 
Tubing joints may be flared, soldered, or brazed. Special fittings 
such as compression fittings may be used under special circum- 
stances. 

Outdoors, plastic piping joints and fittings may be made, 
with the appropriate adhesive method or by means of com- 
pression fittings, compatible with the piping materials. They 
are not to be threaded. 


7.6.4 Piping Installation. When installed in buildings, gas 
piping should not weaken the building structure, should be 
supported with suitable devices (not other pipes), and should 
be protected from freezing. Drip pipes (drip legs) must be 
provided in any areas where condensation or debris may col- 
lect. Each gas outlet, including valve or cock outlets, should be 
securely capped whenever no appliance is connected. 


7.6.5 Main Shutoff Valves. Accessible shutoff valves must be 
placed upstream of each service regulator in order to provide 
for a total shutdown of an entire piping system. 


7.6.6 Prohibited Locations. NFPA 54, National Fuel Gas Code, 
prohibits the running of gas piping in or through circulating 
air ducts, clothes chutes, chimneys or gas vents, ventilating 
ducts, dumbwaiters, or elevator shafts. Fugitive gas in these 
prohibited areas is particularly dangerous because of the 
chances for widespread distribution of the leaking gas and the 
increased possibilities for accidental ignition. 
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7.6.7 Electrical Bonding and Grounding. Every aboveground 
portion of the piping system must be electrically bonded and 
the system grounded. 


7.7 Common Appliance and Equipment Requirements. There 
are several considerations or requirements for the installation 
and use of fuel gas appliances that are common no matter the 
fuel gases used in the appliances. 


7.7.1 Installation. The basic requirements for the installation 
of domestic, commercial, and industrial fuel gas appliances 
and equipment supplied at gas pressures of 0.5 psi (14 in. w.c.) 
(3.47 kPa) or less are similar. 


7.7.1.1 Approved Appliances, Accessories, and Equipment. 
Subsection 5.1.1 of NFPA 54, National Fuel Gas Code, requires 
that “gas appliances, accessories, and gas utilization equip- 
ment shall be approved . . . acceptable to the authority having 
jurisdiction.” 


7.7.1.2 Type of Gas. Fuel gas utilization equipment must be 
used with the specific type of gas for which it was designed. A 
particular appliance cannot be used interchangeably with nat- 
ural gas and propane without appropriate alteration. 


7.7.1.3* Areas of Flammable Vapors. Gas appliances are not 
to be installed in residential garage locations where flammable 
vapors are likely to be present, unless the design, operation, 
and installation are such as to eliminate the probability of igni- 
tion of such vapors. For example, NFPA 54, National Fuel Gas 
Code, requires gas utilization equipment installed in garages to 
be installed with the burners and ignition devices not less than 
18 in. (0.5 m) above the floor. Though not directly prohibited 
by the codes, installations below 18 in. (0.5 m) in other areas 
of buildings and dwellings have been found to be responsible 
for fires and injuries. 


7.7.1.4 Gas Appliance Pressure Regulators. When the build- 
ing gas supply pressure is higher than that at which the gas uti- 
lization equipment is designed to operate or varies beyond the 
design pressure limits of the equipment, a gas appliance pres- 
sure regulator is installed in the appliance. 


7.7.1.5 Accessibility for Service. All gas utilization equipment 
should be located so as to be accessible for maintenance, ser- 
vice, and emergency shutoff. 


7.7.1.6 Clearance to Combustible Materials. Gas utilization 
appliances and their vents should be installed with sufficient 
clearance from combustible materials so that their operation 
will not create a fire hazard. 


7.7.1.7 Electrical Connections. All electrical components of 
gas utilization equipment should be electrically safe and com- 
ply with NFPA 70, National Electrical Code. 


7.7.2 Venting and Air Supply. Venting is the removal of com- 
bustion products as well as process fumes (e.g., flue gases) to 
outer air. Although most fuel gases are clean-burning fuels, 
the products of combustion must not be allowed to accumu- 
late in dangerous concentrations inside a building. Therefore, 
venting to the exterior is required for most appliances. Exam- 
ples of appliances that require venting include furnaces and 
water heaters. Some appliances, such as ranges, ovens, and 
small space heaters, are allowed to be vented directly into inte- 
rior spaces. A properly installed venting system should convey 
all the products of combustion gases to the outside; should 


prevent damage from condensation to the gas equipment, 
vent, building, and furnishings; and should prevent overheat- 
ing of nearby walls and framing. 

Gas utilization equipment requires an air supply for com- 
bustion and ventilation. Restriction of this air supply, particu- 
larly when equipment is installed in confined spaces, can 
result in overheating, fires, or asphyxiation. 


7.7.3 Appliance Controls. General categories of appliance 
controls are the same for nearly all fuel gas appliances. Failure 
in these controls can lead to the overheating of appliances or 
the uncontrolled release of gas or flame. These common con- 
trols include the following: 


(1) Temperature controls 

(2) Ignition and shutoff devices 

(3) Gas appliance pressure regulators 
(4) Gas flow control accessories 


7.8* Common Fuel Gas Utilization Equipment. All fuel gas 
systems ultimately employ the gases by burning them. The uti- 
lization of fuel gases in structures falls into seven main areas of 
domestic, commercial, or industrial use, each of which 
involves the combustion of the fuel gas. 


Common fuel gas utilization equipment includes the fol- 
lowing. 


(a) Air Heating. Forced air furnaces, space heaters, floor 
furnaces, wall heaters, radiant heaters, duct furnaces, or boil- 
ers are used for heating of environmental air; direct or indi- 
rect burners are used for industrial ovens, dryers and heating 
of processes and materials, clothing and fabric dryers, both 
domestic and industrial. 


(b) Water Heating. Direct flame burners are used for the 
heating of potable or industrial process water. 


(c) Cooking. Ranges, stove-top burners, broilers, and cook- 
ing ovens, domestic and industrial, are used for cooking. 


(d) Refrigeration and Cooling. Fuel gases are often used as 
the energy sources for absorption system refrigeration and 
cooling systems. 


(e) Engines. Fuel gases are commonly used as fuel sources 
for stationary and motor vehicle engines and for auxiliary 
power units on service vehicles, such as to power pumps on 
tank trucks. Stationary engines fueled by fuel gases are com- 
monly used as auxiliary or emergency motors for electrical 
power generation or fire pumps. 


(f) Illumination. Though commonly used for illumination 
in the early part of this century, most fuel gas illumination sys- 
tems have been replaced by electricity. The most common 
exception is gas lamps used for outdoor lighting. Principal res- 
idential lighting applications include yards, patios, driveways, 
porches, play areas, and swimming pools. Commercial appli- 
cations include streets, shopping centers, airfields, hotels, and 
restaurants. These illumination uses of fuel gases include 
ornamental gas flames for memorials or decorative effects. 
These systems often involve underground fuel lines, which 
may not be buried deep enough or protected sufficiently from 
external damage. 


(g) Incinerators, Toilets, and Exhaust Afterburners. Gas-fired 
domestic, commercial, industrial, and flue-fed incinerators, 
toilets, and exhaust afterburners are used to burn rubbish, 
refuse, garbage, animal solids, and organic waste, as well as 
gaseous, liquid, or semisolid waste from industrial processes. 
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7.9 Investigating Fuel Gas Systems. Once it has been deter- 
mined that a fuel gas system has influenced the way a building 
has burned, either as a fuel source, ignition source, as both a 
fuel and ignition source, or by providing additional fire 
spread, the system should be analyzed. This analysis should 
provide information as to the manner of and extent to which 
the fuel gas system may have been involved in the origin or 
cause of the fire or explosion. 


7.9.1 Systematic Analysis. Such an analysis should be a sys- 
tematic examination of the fuel gas system. Each component 
of the system should be evaluated to determine whether, and 
to what extent, it operated or failed. 


7.9.2, Compliance to Codes and Standards. The NFPA National 
Fire Codes®, as well as many other fire codes and gas industry 
standards, specify a wide variety of safety rules for the installa- 
tion, maintenance, servicing, and filling of fuel gas systems. Fail- 
ure to comply with one or more of these standards can cause or 
contribute to a fuel gas fire or explosion incident. 


The design, manufacture, construction, installation, and 
use of the various components of the fuel gas system should 
be evaluated for compliance to the appropriate codes and 
standards. Any relationship between a violation of the 
accepted codes and standards and the fire or explosion 
should be noted. 


7.9.3 Leakage. Leakage from piping and equipment is the 
main cause of gas-fueled fires and explosions. Commonly, 
leaks occur at pipe junctions, at unlit pilot lights or burners, at 
uncapped pipes and outlets, at areas of corrosion in pipes, or 
from physical damage to the gas lines. 


7.9.3.1 Pipe Junctions. Improper connections between pip- 
ing elements, such as inadequate threading (not enough turns 
for gas tightness), improper threading (cross threading or 
right-hand threads merged to left-hand threads), or improper 
use of pipe joint compound (too much or too little) can cause 
gas leaks. Pipe junctions are also the most common locations 
that leak as a result of physical damage to fuel gas piping sys- 
tems. (See 7.9.3.8.) 


7.9.3.2 Pilot Lights. Modern pilot light systems are designed 
to prevent gas flow to appliance burners if the pilot lights are 
not burning by the use of a thermocouple to sense the pilot 
flame. Such pilots could remain open if their automatic shut- 
off mechanisms failed to close off the flow of gas. The escape 
of gas from unlit pilots is not large enough to produce gas vol- 
umes sufficient to fuel significant fires or explosions, except in 
spaces that have little or no ventilation. Many modern appli- 
ances have pilot light systems that will not allow a flow of gas 
unless the pilots are lit, or else they have electronic ignition 
systems not requiring pilot lights at all. 


7.9.3.3 Unlit Burners. In some gas appliance systems, a 
burner may emit gas even if the pilot light is not lit. This gen- 
erally will produce enough gas to fuel an explosion or fire 
even in well-ventilated rooms or structures. 


7.9.3.4 Uncapped Pipes and Outlets. A common source of 
large quantities of fugitive gas is open, uncapped pipes and 
outlets. Such situations occur when gas appliances are 
removed and their attendant outlet or piping is not capped as 
is required by the NFPA 54, National Fuel Gas Code. Unsuspect- 
ing persons then turn on the gas from remote valves. This 
causes high-volume leaks. 
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7.9.3.5 Malfunctioning Appliances and Controls. The mal- 
function and leaking of gas appliances or gas utilization con- 
trols, such as valves, regulators, and meters, can also produce 
fugitive gas. Often fittings and piping junctions within appli- 
ances can be sources of leakage. Shutoff valves may leak fugi- 
tive gas through the packing materials that are designed to 
seal the valve bodies from the activation levers. Valves may 
allow gas to pass through them when they should be closed, 
due to dirt or debris in their operating mechanisms or due to 
physical damage or binding of the mechanisms. 


7.9.3.6 Regulators. Failures in gas regulators most often fall 
into one of three categories: faults with the internal dia- 
phragm, faults with the rubberlike seal that controls the 
input of gas into the regulator, or faults with vents. Each of 
these fault categories can result in the regulator’s failing to 
reduce the outlet pressure to acceptable levels or producing 
fugitive gases. 


7.9.3.7 Corrosion. Metal pipes are subject to corrosion. Cor- 
rosion has been reported to be the cause of as many as 30 per- 
cent of all known gas leaks. Corrosion can be caused by 
oxidation of ferrous metal pipes (rust); electrolysis between 
dissimilar metals, metal and water, metal and soil, or stray cur- 
rents; or even microbiological organisms. Corrosion can take 
place either above or below ground level and can subse- 
quently release fugitive gas. 

Since the size of corrosion leaks is cumulative as the corro- 
sion continues, it may take long periods of time for the corro- 
sion leaks to develop to sufficient size to produce enough 
fugitive gas to overcome the dissipating effects of ventilation 
or dispersion through the soil into the air. 

Stress corrosion cracking of flexible brass appliance con- 
nectors has been shown to be a factor in many residential fires 
and explosions. 


7.9.3.8* Physical Damage. Physical damage to fuel gas sys- 
tems can cause leaks. Strain put on gas piping systems may 
manifest itself at the pipe junctions and unions. Because pipe 
elbows, T fittings, and couplings are more rigid and stronger 
than the pipes that they connect, and because the threaded 
ends are weaker than the rest of the pipes, stress damage usu- 
ally occurs in the threaded portions of the pipes immediately 
adjacent to the pipe fittings. 

The leaks created by such strain may develop at junctions 
far removed from the actual point of physical contact. For 
example, if an automobile strikes a gas meter assembly, the 
strain on the underground piping of the system may cause a 
leak at a distant, underground pipe union many feet away. 
The movement of a gas range away from a wall may strain the 
gas piping system and cause a leak at the junction of the flexi- 
ble tubing and the rigid main gas line or at a junction within 
the range itself. 

Hidden pipes underground and in walls are often dam- 
aged by construction work. Pipes have been pierced by dig- 
ging tools, nails, screws, drill bits, cutting tools, and other 
tools. When nails or screws pierce gas pipes, the resulting leak 
holes may be largely plugged and remain so until the nail or 
screw is removed or dislodged, such as by settling of the struc- 
ture. Therefore, leaks from nails and screws may remain unde- 
tected until long after the original damage. 


7.9.4 Pressure Testing. Fuel piping systems are designed to 
retain moderately pressurized gas. The presence of leaks in 
the system can be determined by detecting a drop in pressure 
within the closed system. Before the piping is used for such 


BUILDING FUEL GAS SYSTEMS 


921-75 


testing, any obviously damaged portions of the system should 
be isolated and capped. Sometimes it will be necessary to test 
the piping in two or more sections, one at a time. 

When isolating portions of the piping that have been dam- 
aged by fire or explosion damage, it may be necessary to cut, 
rethread, and cap individual pipes. It may be possible to seal 
off damaged piping sections by the use of flexible tubing, hose 
clamps, and caps, without the necessity to rethread and cap 
lines. Screw junctions, unions, Ts, or elbows should not be 
unscrewed in order to isolate a section. Doing so may destroy 
evidence of previously existing poor connections. 


7.9.4.1 Gas Meter Test. If it is decided that it is safe to use the 
actual fuel gas of the system, the gas meter itself can be used 
to detect a flow of gas. After first checking that the meter is 
working properly and has not been damaged by the explosion 
or fire or bypassed, gas is reintroduced into the system 
through the meter, and the dial is observed to determine 
whether gas is escaping somewhere downstream. The meter 
should be observed with the needle on the upstroke, and 
observation should continue for up to 30 minutes. 

NFPA 54, National Fuel Gas Code, recommends that if no 
leak is detected with the gas meter test, the test should be 
repeated with a small gas burner open and ignited, which will 
show whether the meter is working properly. 


7.9.4.2* Pressure Drop Method. A gas piping system may 
also be tested by the pressure drop method. In this method, 
the system is pressurized with air or an inert gas such as nitro- 
gen or carbon dioxide. For systems including appliances oper- 
ating at gauge pressures of !/y psi (3.4 kPa) or less, the test can 
be conducted with the fuel gas itself at between 10 in. and 
14 in. (2.5 kPa and 3.5 kPa) of water column for 10 minutes. 
Test methods are listed in NFPA 54, National Fuel Gas Code, and 
NFPA 58, Liquefied Petroleum Gas Code. 


7.9.5 Locating Leaks. Leaks in fuel gas piping may be located 
by one or more of the methods in 7.9.5.1 through 7.9.5.4. 


7.9.5.1 Soap Bubble Test. Leaks at pipe junctions, fittings, 
and appliance connections can be detected by applying soap 
bubble solutions to the suspected leaking area. If the system is 
pressurized, the production of bubbles in the solution will dis- 
close the leak. After testing, the area should be rinsed with 
water to prevent possible corrosion or stress cracking. 


7.9.5.2 Gas Detector Surveys. Gas detection instruments, 
known as flammable gas indicators, combustible gas indica- 
tors, explosion meters, or “sniffers,” may be used as survey 
devices to detect the presence of fugitive fuel gases, hydrocar- 
bon gases, or vapors in the atmosphere. Many instruments will 
also detect the presence of other combustible gases or vapors 
such as ammonia, carbon monoxide, and others, so the oper- 
ator should be fully aware of the capabilities and limitations of 
the instrument being used. 

On the outside of structures, the atmosphere is tested in 
every available opening in the pavement where gas that has 
escaped from mains and service lines may be present. Tests 
should be made along pavement cracks, curb lines, manholes 
and sewer openings, valve and curb boxes, catch basins, and in 
bar holes above and along gas piping runs. 

The location of underground gas lines can be learned from 
utility company maps or by the use of an electronic locator 
device. These devices induce electromagnetic waves into the 
earth. Any metallic pipe in the wave field acts as a path for 
return current and is picked by the receiving unit of the 
device. An audio tone or analog meter needle then indicates 


the presence of an underground line. When plastic pipes are 
used, a metallic locating wire is usually buried along with the 
pipe to allow the locator devices to be utilized. 

Within structures, the junctions and unions of gas piping 
can be tested. Spaces where fugitive gases may collect and 
pocket should also be tested. The relative vapor density of the 
fuel gases should be kept in mind. If lighter-than-air natural 
gas is suspected, upper areas of the rooms in structures should 
be tested. If heavier-than-air LP-Gas is suspected, lower levels 
should be checked. 


7.9.5.3 Bar Holing. Bar holes are holes driven into the surface 
of the ground or pavement with either weighted metal bars or 
drills. Bar holing involves the systematic driving of holes at reg- 
ular intervals along the path of and to either side of under- 
ground gas lines and the testing of the subsurface atmosphere 
with a gas detector. The results of these tests are recorded on a 
graph or chart known as a bar hole graph. A comparison of the 
readings of percentage of fugitive gas from each bar hole can 
indicate the location of an underground gas leak. 


7.9.5.4 Vegetation Surveys. Over a period of time, some of 
the components of fugitive fuel gases from underground leaks 
can be harmful to grass, trees, shrubs, and other vegetation. 
When the root systems of plants are subjected to gas from 
underground leaks, the plants may turn brown, be stunted in 
their growth, or die. Long-existing underground leaks, which 
have been permeating the soil and dissipating into the air, 
may be located by the presence of dead grass or other vegeta- 
tion over the area of the leak. 


7.9.6 Testing Flow Rates and Pressures. If regulators or other 
gas appliance and service components have not been severely 
damaged by fire, they can be tested to see whether they are 
functioning correctly. These tests can be conducted with a 
variety of gases including air, natural gas, propane, or butane. 
With the use of proper laboratory or field equipment, both 
lockup and flow pressures as well as normal or leak flow rates 
can be determined. In such tests, the resultant data must be 
adjusted from the test medium gas to the gases for which the 
devices were designed. These adjustments are based on the 
relative vapor densities of the gases. 


7.9.7* Underground Migration of Fuel Gases. It is common 
for fuel gases that have leaked from underground piping sys- 
tems to migrate underground (sometimes for great distances), 
enter structures, and create flammable atmospheres. Both 
lighter-than-air and heavier-than-air fuel gases can migrate 
through soil; follow the exterior of underground lines; and seep 
into sewer lines, underground electrical or telephone conduits, 
drain tiles, or even directly through basement and foundation 
walls, none of which are as gastight as water or gas lines. 

Such gases also tend to migrate upward, permeating the 
soil and dissipating harmlessly into the atmosphere. Whether 
the path of migration is lateral or upward is largely a matter of 
which path provides the least resistance to the travel of the 
fugitive gas, the depth at which the leak exists, the depth of 
any lateral buried lines that the gas might follow, and the 
nature of the surface of the ground. If the surface of the 
ground is obstructed by rain, snow, frozen earth, or paving, 
the gases may be forced to travel laterally. It is not uncommon 
for a long-existing leak to have been dissipating harmlessly 
into the air until the surface of the ground changes, such as by 
the installation of new paving or by heavy rains or freezing, 
and then be forced to migrate laterally and enter a structure, 
fueling a fire or explosion. 
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7.9.7.1* Odorant Removal from Gas. An odorized gas can 
lose odorant by a number of different mechanisms. This odor- 
ant loss has also been termed odor fade. This is a complex sub- 
ject and for a deeper understanding the reader is referred to 
the references cited in Appendix B. The following paragraphs 
summarize some of the important issues in odorant loss. 


(a) Loss of Odorant Due to Gas Migration in Soil. Gas odorants 
can be removed by dry, clay-type soils, and not by sand, loams, 
or heavily organic soils. Certain odorant components are bet- 
ter than others in terms of their ability to resist absorption by 
clay-type soils. A large leak gives a lower contact time with the 
clay-type soil, and results in lower losses due to adsorption. 

(b) Loss of Odorant Due to Adsorption of Odorant on Pipe Walls. 
All odorant components are adsorbed by pipe walls to some 
extent. This is particularly true of new pipe (steel or plastic). 
Many natural gas companies treat the gas in new sections to a 
heavier dose of odorant after the section is placed in service. 
Gas odorants can be adsorbed in gas pipe that has been in con- 
tinuous service, if the flow rates of gas are lower than normal. 
This is a typical condition in many gas companies in the tran- 
sition between winter and summer usage levels. A decrease in 
pressure in the system, which increases gas flow rates, easily 
remedies this problem. Any portion of a gas system that is sub- 
ject to low flow rates is subject to increased loss of odorant due 
to adsorption. 

(c) Loss of Odorant Due to Oxidation of Odorant. Mercaptan 
odorants can be oxidized by ferric oxide (red rust), which can 
be found in new pipe and in new or out-of-service LP tanks. 

(d) Loss of Odorant Due to Adsorption. Adsorption is a phe- 
nomenon that requires the dissolution of odorant in a liquid. 
It can occur in natural gas systems that have a problem with 
liquid condensates in their distribution lines. The most com- 
mon liquid available in the environment is water. All odorants 
have a low solubility in water. 


Chapter 8 Fire-Related Human Behavior 


8.1 Introduction. The initiation, development, and conse- 
quences of many fires and explosions are either directly or 
indirectly related to the actions and omissions of people asso- 
ciated with the incident scene. As such, the analyses of fire- 
related human behavior will often be an integral part of the 
investigation. 

This chapter discusses research findings associated with 
factors that contribute to such human behavior: how people 
react to fire emergencies, both as individuals and in groups; 
factors related to fire initiation; factors related to fire spread 
and development; factors related to life safety; and factors 
related to fire safety. 

The information discussed in this chapter is based upon 
research conducted by specialists in the fire scene analysis and 
human behavior fields. The analysis of human behavior is not 
a substitute for a thorough and properly conducted investiga- 
tion. While the analysis of human behavior will provide valu- 
able investigative insights, such analysis must be integrated 
into the total investigation. 


8.2 History of Research. Fire-related human behavior began 
to emerge as a distinct field for study in the early 1970s. In 
1972, English researcher Peter G. Wood, a pioneer in the 
field, completed a study of occupants in 952 fire incidents, 
published as Fire Research Note #953. A few years later, John 
L. Bryan, a U.S. researcher and professor of fire protection 
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engineering at the University of Maryland, published the 
results of his extensive studies on behavior in fires. Bryan has 
summarized both his work and much of the work of other 
researchers in this field. This summary is contained in the 
SFPE Handbook of Fire Protection Engineering, “Behavioral 
Response to Fire and Smoke.” 


8.3 General Considerations of Human Responses to Fires. 
Current accepted research indicates that there are myriad fac- 
tors that affect an individual’s or group’s human behavior pre- 
ceding, during, and following a fire or explosion incident. 
These factors can be broadly classified and evaluated as char- 
acteristics of the individual, characteristics of population 
groups, characteristics of the physical setting, and characteris- 
tics of the fire or explosion itself. A careful analysis and evalu- 
ation of these factors and their interaction with one another 
will provide a valuable insight into the role of fire-related 
human behavior for any particular incident. These factors 
have been extensively examined in the U.S. Fire Administra- 
tion publication, Fire Related Human Behavior, 1994 edition. 
This information is summarized in 8.3.1 through 8.3.2.4. 


8.3.1 Individual. Fire-related human behavior is affected by 
characteristics of the individual in a variety of ways. These char- 
acteristics are comprised of physiological factors, including 
physical limitations, cognitive comprehension limitations, and 
knowledge of the physical setting. Each of these either affect an 
individual’s ability to recognize and accurately assess the haz- 
ards presented by a fire or explosion incident or affect an indi- 
vidual’s ability to respond appropriately to those hazards. 


8.3.1.1 Physical Limitations. Physical limitations that may affect 
an individual’s ability to recognize and react appropriately to the 
hazards presented by a fire or explosion incident include age (as 
it relates to mobility), physical disabilities, intoxication, incapac- 
itating or limiting injuries or medical conditions, and other cir- 
cumstances that limit an individual’s mobility. Such limitations 
should be considered when evaluating an individual’s fire- 
related human behavior because they tend to restrict or limit 
one’s ability to take appropriate action in response to a fire or 
explosion. The very old and very young are most affected by 
physical limitations. 


8.3.1.2 Cognitive Comprehension Limitations. Cognitive com- 
prehension limitations, which may affect an individual’s ability 
to recognize and react appropriately to the hazards presented 
by a fire or explosion incident, include age (as it relates to 
mental comprehension), level of rest, alcohol use, drug use 
(legal or illegal), developmental disabilities, mental illness, 
and inhalation of smoke and toxic gases. These cognitive lim- 
itations are more likely to affect an individual’s ability to accu- 
rately assess the hazards presented by a fire or explosion. 
Often such limitations account for delayed or inappropriate 
responses to such hazards. 

Children may fail to recognize the hazard and choose an 
inappropriate response, such as hiding or seeking a parent. 


8.3.1.3 Familiarity with Physical Setting. An individual’s famil- 
iarity with the physical setting in which a fire or explosion inci- 
dent occurs may affect an individual’s behavior. For example, 
a person would be more able to accurately judge a fire’s devel- 
opment and progression in his or her own home than in a 
hotel. 

It is important to note, however, that physical and cognitive 
limitations may minimize the advantages of being familiar 
with the physical setting. Consequently, it may appear that a 
person has gotten “lost” in their own home. 
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8.3.2 Groups. An individual’s fire-related behavior is affected 
by more than his or her own characteristics. When interacting 
with others, an individual’s behavior will likely change and be 
further affected by his or her interaction with that population 
group and its characteristics. These group characteristics are 
related to the group size, structure, permanence, and its roles 
and norms. 


8.3.2.1* Group Size. Research and experimental data indi- 
cate that when individuals are members of a group, they are 
less likely to acknowledge or react appropriately to the sensory 
cues that a fire or explosion incident presents. This tendency 
increases as the size of the group increases. 

Research suggests that this fire-related human behavior 
occurs because individuals in groups will delay their response 
to such sensory cues until others in the group also acknowl- 
edge these cues and react. The same research suggests that 
this occurs because the responsibility for taking appropriate 
action is actually diffused among the group. 


8.3.2.2* Group Structure. The structure of a group may also 
affect the fire-related behavior of both the group and its indi- 
vidual members. Generally, when the group has a formalized 
structure with defined and recognized leaders or authority fig- 
ures, the group tends to react to fire and explosion incidents 
more quickly and in a more orderly manner. However, the 
reaction is not always appropriate. Examples of such groups 
include school populations, hospital populations, nursing 
home populations, and religious facility populations. The fol- 
lowing behaviors have been observed. 


(a) Research indicates that the interaction between indi- 
vidual members within such groups results in a sense of 
responsibility for the group as a whole. As such, an individual 
may be more likely to warn the others in his or her group of 
the threat than if he or she were interacting with a group of 
strangers. 

(b) Secondly, when such a group does become aware of a 
fire or explosion, their requisite organization and cohesive- 
ness will likely result in a more orderly response to any such 
threat. 


8.3.2.3 Group Permanence. Group permanence refers to 
how well established a group is or how long a particular group 
of individuals has interacted with one another. Closely related 
to the effects of group structure, the permanence of a group 
may also affect the behavior of both the group and its individ- 
ual members. 

Research indicates that more established groups (such as 
family, sports teams, or clubs) will be more formalized and 
structured and, therefore, will react differently during a fire or 
explosion incident than will a new or transient group (such as 
a shopping mall population). The latter is more likely to 
exhibit a multitude of conflicting individual behaviors as each 
group member responds and reacts on his or her own. 


8.3.2.4 Roles and Norms. The roles and norms of a group 
also affect its fire-related behavior. The norms of a group may 
be influenced by gender, social class, occupational, or educa- 
tional makeup. 

Gender roles are often a predominant factor during fire 
and explosion incidents. Research indicates, for example, that 
women are more likely to report a fire or explosion immedi- 
ately, while their male counterparts may delay reporting the 
incident, opting rather to engage in suppression or other mit- 
igation efforts. 


8.3.3. Characteristics of the Physical Setting. The characteris- 
tics of the physical setting in which a fire occurs affect the 
development and the spread of a fire or explosion. The char- 
acteristics of the setting also affect fire-related behavior. Exam- 
ples of these characteristics include location of exits, number 
of exits, the structure’s height, fire-warning systems, and fire 
suppression systems. 


8.3.3.1 Location of Exits. The location of available exits dur- 
ing a fire or explosion incident may affect the behavior of the 
occupants. If the locations of the available exits are not known 
to the occupants, or if they are not adequately identified, con- 
fusion and heightened levels of anxiety may be experienced. 


8.3.3.2, Number of Exits. The number of available exits dur- 
ing a fire or explosion incident may affect the behavior of the 
occupants. An inadequate number of exits, blocked or 
restricted exits, and unprotected exits (i.e., nonpressurized or 
open interior stairwells) may result in the occupants being 
exposed to the fire and its by-products. 


8.3.3.3 Height of Structure. The height of a structure may 
affect the behavior of its occupants during a fire or explosion 
incident. Some people believe that they are less safe in taller 
buildings during fire incidents. 


8.3.3.4* Fire Alarm Systems. Fire alarm systems are among 
the variables of built-in fire safety that may be critical to an 
individual’s awareness of a fire. Research has shown that ver- 
bal, directive messages may be most effective in creating 
response compared to alarm bells and sounders alone. 


Prior false alarms and alarm system malfunctions may 
reduce the positive effect of having an alarm system in the 
building, because the occupants may not respond appropri- 
ately to the alarm notification. Numerous false alarms reduce 
the occupants’ appropriate responses to the alarm. 


8.3.3.5 Fire Suppression Systems. The presence of auto- 
matic fire suppression systems, if known, may affect behavior. 
The effect may be positive or negative. A positive effect is that 
the increased margin of safety such systems provide allows 
occupants of the involved structure more time to respond 
appropriately to the hazards presented by the incident. An 
example of a negative effect is possible decreased visibility, 
caused by the discharge of the suppression agent, which may 
impede egress. 


8.3.4 Characteristics of the Fire. Fire-related human behavior 
is directly related to an individual’s or group’s perception of the 
hazards or threats presented to them by a fire or explosion. 
Characteristics of the fire itself will tend to shape these percep- 
tions and thereby affect fire-related human behavior. Examples 
of these characteristics include the presence of flames or smoke 
and the effects of toxic gases and oxygen depletion. 


8.3.4.1 Presence of Flames. Most individuals have unedu- 
cated or uninformed perceptions of the hazards presented by 
fire and explosion incidents. This perception problem is espe- 
cially true relative to an individual’s observation of the pres- 
ence of visible flames. The sight of flames makes the individual 
aware that it is not a false alarm and that some danger is 
present; however, because people do not understand fire 
dynamics and fire behavior, the presence of small flames may 
not be recognized as an immediate threat, and the resulting 
behavior is based on that belief. See Chapter 3 for further dis- 
cussion on fire dynamics. 
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8.3.4.2 Presence of Smoke. Like visible flames, the presence 
of smoke may also affect fire-related behavior. A lack of knowl- 
edge regarding fire dynamics and fire behavior may result in 
erroneous perceptions relative to smoke. Individuals may per- 
ceive dense, black smoke as an immediate threat to their phys- 
ical well being, while light, gray smoke may not be immediately 
perceived as a threat at all. 


8.3.4.3 Effects of Toxic Gases and Oxygen Depletion. During 
fire and explosion incidents, individuals often inhale the by- 
products of combustion, including the toxic gases present in 
the smoke. Additionally, the development and progression of 
the fire, as well as the presence of these other gases, often 
results in a depletion of the oxygen that had originally been 
present in the ambient air. 


The inhalation of toxic gases, or low oxygen concentration 
levels below approximately 15 percent, may affect an individ- 
ual’s behavior and result in perceptual and behavioral 
changes. These changes may manifest themselves in delayed 
or inappropriate responses to the incident. Strength, stamina, 
mental acuity, and perceptual ability can all be severely 
decreased. See 20.5.5. 


8.4 Factors Related to Fire Initiation. The initiation of many 
fire and explosion incidents is facilitated or fostered by the 
actions or omissions of people associated with the incident 
scene. Fire-related human behavior is often the reason that 
a competent source of ignition is present at the same time 
and place with a fuel in the presence of a sufficient amount 
of oxygen. 


8.4.1 Factors Involved in Accidental Fires. The actions or 
inactions of people frequently result in accidental fires. 


Negligence, carelessness, lack of knowledge, disregard of 
fire safety principles, or the individual’s failure to be cognizant 
of the ultimate results of such actions or inactions can be cat- 
egorized into groups of similar behavior. Examples of these 
groupings are improper maintenance; poor housekeeping; 
issues involving product labels, instructions and warnings; and 
violations of fire safety codes and standards. 


8.4.1.1 Improper Maintenance and Operations. Many types 
of equipment, systems, machinery and appliances are poten- 
tial ignition sources or fuel sources for fire and require some 
level of periodic maintenance or cleaning. Instructions per- 
taining to the type of maintenance or cleaning procedures, as 
well as a recommended schedule for maintenance or cleaning 
are most often provided by the manufacturer or supplier. Fail- 
ure to adhere to these recommendations may result in fire or 
explosion. It is often reported to the investigator that the 
accompanying maintenance or cleaning instructions to a spe- 
cific piece of equipment are unavailable. In these instances, it 
is often possible to obtain this information directly from the 
manufacturer or supplier or from exemplar items. The inves- 
tigator should, whenever possible, examine maintenance and 
cleaning instructions and records regarding equipment and 
appliances found in the area of origin. These records can 
prove helpful when a specific appliance or piece of equipment 
is being considered as an ignition source or fuel source. 


Equipment and appliance operating procedures and cau- 
tions are also normally provided to the end user or consumer 
by the manufacturer or supplier. It may prove helpful to the 
investigator to obtain and review this type of information 
when accessing the condition of a specific piece of equipment 
or an appliance at the time of the fire. 
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8.4.1.2 Housekeeping. A lack of proper housekeeping mea- 
sures can also contribute directly or indirectly to the occur- 
rence of fire. Examples of such occurrences include careless 
use or disposal of smoking materials; refuse and other com- 
bustibles allowed to accumulate too close to an ignition 
source; quantities of dust or other combustible particulate 
matter becoming suspended in air (due to dust collection 
equipment needing to be cleaned or emptied) in the same 
environment as open flame- or spark-producing equipment; 
lint in dryers; and grease build-up in cooking areas. 


8.4.1.3. Product Labels, Instructions, and Warnings. A lack of 
awareness of, or a disregard for warning labels and other safety 
instructions, can also result in the accidental ignition of a fire. 

In many cases, the ignition factor of a fire is the result of the 
actions or omissions of the user of a product. The danger of 
improper actions or omissions may not always be obvious to a 
product user. Whenever a product has a hazard potential for 
supplying the ignition source, fuel, or oxygen portions of the 
ignition factor, it is incumbent upon the manufacturer and 
supplier to provide proper labeling, instructions, and warn- 
ings with their products. Likewise, it is incumbent upon the 
user to follow proper warnings and instructions. 


8.4.1.4 Purpose of Labels. The purpose of labels is to pro- 
vide the user with information about the product use at the 
closest possible point to its actual use. Labels can take several 
forms: printed labels attached to the product; labels printed 
on the packaging of the product; or molded, stamped, or 
engraved writing on the product or its container. 


8.4.1.5 Purpose of Instructions. Instructions for a product 
are intended to inform the user on how the product is to be 
used safely, of the existence of any hazards, and how to mini- 
mize any risk to the user during the actual use of the product. 


8.4.1.6 Purpose of Warnings. The overall purpose of a warn- 
ing is to provide the user with information necessary to use a 
product safely or to make an informed decision not to use the 
product because of its hazard. 

Warnings on the labels or instructions of a product should 
serve two objectives: to inform an unknowing user of the dan- 
gers posed by the use or misuse of the product, or to remind 
the user of the hazards of the product. 


8.4.1.7 Key Elements of a Proper Warning. According to fed- 
eral regulations, in order for warnings to be appropriate and 
effective, there are certain key elements that must be present: 


(1) An alert word 

(2) Astatement of the danger 

(3) A statement of how to avoid the danger 

(4) Explanations of the consequences of the danger 


Many of the standards that set elements of a proper warn- 
ing are reflected in the following four elements. 


(a) Alert Word. The alert word or signal word is the first sign 
to the user that there is a danger. “Caution,” “Warning,” or 
“Danger” are the most commonly used and approved alert 
words. Through its meaning, type style, type size, and contrast 
the alert word is designed to draw the user’s attention to the 
warning that follows, and to give some concept of the degree 
of danger. Most standards hold that the alert words “Caution,” 
“Warning,” and “Danger” respectively signify increasing levels 
of hazard and risk. 

ANSI 2535.4, Product Safety Signs and Labels, provides the fol- 
lowing definitions: 
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CAUTION: Indicates a potentially hazardous situation that, 
if not avoided, may result in minor or moderate injury. 

WARNING: Indicates a potentially hazardous situation that, 
if not avoided, could result in death or serious injury. 

DANGER: Indicates an imminently hazardous situation 
that, if not avoided, will result in death or serious injury. 

(b) Statement of the Danger. The statement of the danger 
must identify the nature and extent of the danger and the 
gravity of the risk of injury, for example: “Combustible,” 
“Flammable,” or “Extremely Flammable.” Risk is a function of 
the likelihood and severity of injury. Additional phrases such 
as “may explode,” or “can cause serious burns,” may also be 
necessary. 

(c) How to Avoid the Danger. Warnings must provide poten- 
tial users with information on how the hazard can be avoided 
and must tell them what to do or refrain from doing to remain 
safe when using the product. 

(d) Consequences of the Danger. Warnings must also tell the 
user what would or could happen if the precautions listed are 
not followed. 


8.4.1.8 Standards on Labels, Instructions and Warnings. Over 
the years government and industry have promulgated many 
standards, guidelines, and regulations dealing with safety 
warnings and safe product design. 
Among the standards that deal with labels, instructions, 
and warnings are the following: 
(1) ANSI standards on labeling: 
a. Z129.1, Precautionary Labeling of Hazardous Industrial 
Chemicals 
Z400.1, Material Safety Data Sheets — Preparation 
2535.1, Safety Color Code 
2535.2, Environmental and Facility Safety Signs 
2535.3, Criteria for Safety Symbols 
2535.4, Product Safety Signs and Labels 
g. Z535.5, Accident Prevention Tags 
(2) UL standard on labeling: 
a. UL 969, Standard for Marking and Labeling Systems 
(3) Federal codes and regulations: 
a. Consumer Safety Act (15 USC Sections 2051-2084, 
and 16 CFR 1000) 
b. Hazardous Substances Act (15 USC Sections 1261 et 
seq., and 16 CFR 1500) 
c. “Federal Hazards Communication Standard” (29 CFR 
1910) 
d. Flammable Fabrics Act (15 USC Sections 1191-1204 
and 16 CFR 1615, 1616, 1630-1632) 
e. Federal Food, Drug and Cosmetic Act (15 USC Sec- 
tion 321(m), and 21 CFR600). 
f. OSHA Regulations (29 CFR 1910) 


(4) Industry standard: 
a. EMC Product Safety Sign and Label System 
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8.4.2 Recalls. Disregarding recall notices involving items that 
have the potential to become an ignition source can also result 
in a fire. Many times a recall notice is the result of reported 
fires, where a specific item has been identified as the ignition 
source. 


8.4.3 Other Considerations. The differences between an indi- 
vidual’s lack of knowledge, carelessness, willful disregard, or 
negligence are often unclear to the investigator who reviews the 
circumstances and events leading up to a fire. A review of train- 
ing records and interviews conducted with persons occupying 


locations or spaces where a fire has occurred may provide the 
information needed to more clearly understand an individual’s 
level of involvement regarding the initiation of a fire. 


8.4.4 Violations of Fire Safety Codes and Standards. Failure 
to adhere to pertinent, established fire safety codes and stan- 
dards, industry standards, or good practices may result in fires 
or explosions. Noncompliance to these various safety prescrip- 
tions may be deliberate or unintentional. 


8.5 Children and Fire. Playing with fire is an activity that a 
large number of children participate in for many reasons. The 
most common reason for children playing with fire is curiosity. 
To a young child, fire is intriguing, very powerful, and too 
often accessible. Firesetting may be a child’s means to express 
frustration or anger or to seek revenge or to call attention to 
himself or herself or to difficult circumstances. 

Research has shown that the location where the fire is set 
and the motive for it often varies according to the age of the 
child. There are three recognized age groups. 


8.5.1 Child firesetters (ages 2 to 6) are often responsible for 
fires in their homes or in the immediate area. Sometimes the 
fires are in areas that are hidden and out of sight of their 
guardian. These are usually curiosity firesetters. 


8.5.2 Juvenile firesetters (ages 7 to 13) are often responsible 
for fires that start in their homes or in the immediate environ- 
ment. They may also start fires in their educational setting. 
These firesetting events are usually associated with some bro- 
ken family environment or physical or emotional trauma. 


8.5.3 Adolescent firesetters (ages 14 to 16) are often respon- 
sible for fires that occur at places other than their homes. 
They target schools, churches, vacant buildings, fields, and 
vacant lots. These firesetters are often associated with a history 
of delinquency, disruptive rearing environment, poor social 
environment and emotional adjustments, peer pressure, and 
poor academic achievement. They sometimes work in pairs or 
small groups, with one individual dominant and others follow- 
ers. These fires are often set to express their stress, anxiety, 
and anger, or as a symptom of another problem. 


8.6 Incendiary Fires. Human factors involved in the setting 
of incendiary fires are closely related to motives examined in 
Section 19.4. The reader is referred that section for additional 
information. 


8.7 Human Factors Related to Fire Spread. The spread of 
the fire can be affected significantly by the actions or omissions 
of the people present before or during the fire. These actions 
can act to accelerate or retard the spread of the fire. The inves- 
tigator may need to evaluate these actions to determine the 
effects these actions had on the fire involved. Some of these 
actions include opening and closing doors or windows, fire 
fighting, operation of fire protection systems, and rescue. Some 
of these actions are addressed in 15.5.3 and 15.6.1. 

Pre-fire conditions, such as housekeeping, functioning 
alarms, and compartmentation, may be documented after the 
fire by inspecting unburned areas of the building, prior fire 
department inspection records for nonresidential buildings, 
as well as by post-fire interviews. The investigator should not 
presume the conditions in the building prior to the fire. 


8.8 Recognition and Response to Fires. In a fire, survivability 
of an individual is based on the ability of the individual to rec- 
ognize and safely respond to the hazard in several ways. The 
individual must perceive the danger, the individual must make 
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a decision about some action to take, and the person must 
carry out that action. These three basic concepts will be 
addressed in this section. 


8.8.1 Perception of the Danger (Sensory Cues). People become 
aware of the fire by any one or combination of several sensory 
cues. 


(a) Sight. Direct view of flames, smoke, visual alarms, or 
flicker 

(b) Sound. Crackling, failure of windows, audible alarms, 
dogs barking, children crying, voices, or shouts 

(c) Feel. Temperature rise or structural failure 

(d) Smell. Smoke odor 


The sensory perception can be affected by factors such as 
whether the person is awake, asleep, or impaired. This impair- 
ment may be physical, mental, or effects of chemical agents 
(e.g., drugs, alcohol, carbon monoxide). 


8.8.2 Decision to Act (Response). Once the danger has been 
perceived, a decision is made concerning how to respond. 
This decision is based on the severity of the danger perceived. 
The person’s degree of impairment is a factor in the decision 
process. 


8.8.3 Action Taken. The action taken by the individual can 
take any one or a combination of forms. These include the fol- 
lowing: 

(1) Ignore the problem 

(2) Investigate 

(3) Fight the fire 

(4) Give alarm 

(5) Rescue or aid others 

(6) Re-enter after successful escape 

(7) Flee (escape) 

(8) Remain in place 


8.8.4 Escape Factors. The success or failure of an attempt to 
escape a fire depends on a number of factors, including the 
following: 


(1) Identifiability of escape routes 

(2) Distance to a means of escape 

(3) Fire conditions such as the presence of smoke, heat, or 
flames 

(4) Presence of dead-end corridors 

(5) Path blocked by obstacles or people 

(6) Physical disabilities or impairments of occupants 


8.8.5 Information Received from Survivors. Post-fire infor- 
mation obtained by interviewing witnesses (e.g., survivors, vic- 
tims, occupants, passers-by, emergency responders) of a fire 
incident may be helpful in determining several factors. Such 
information may include the following: 


(1) Pre-fire conditions 

(2) Fire and smoke development 

(3) Fuel packages and their location and orientation 

(4) Victims’ activities before, during, and after discovery of 
the fire 

(5) Actions taken by survivors resulting in their survival, that 
is, escape or take refuge 

(6) Decisions made by survivors and reasons for those decisions 

(7) Critical fire events such as flashover, structural failure, 
window breakage, alarm sounding, first observation of 
smoke, first observation of flame, fire department arrival, 
contact with others in the building 
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Chapter 9 Legal Considerations 


9.1* Introduction. Legal considerations impact on every 
phase of a fire investigation. Whatever the capacity in which a 
fire investigator functions (public or private), it is important 
that the investigator be informed regarding all relevant legal 
restrictions, requirements, obligations, standards, and duties. 
Failure to do so could jeopardize the reliability of any investi- 
gation and could subject the investigator to civil liability or 
criminal prosecution. 

It is the purpose of this chapter to alert the investigator to 
those areas that usually require legal advice, knowledge, or 
information. The legal considerations contained in this chap- 
ter and elsewhere in this guide pertain to the law in the United 
States. This chapter does not attempt to state the law as it is 
applied in each country or other jurisdiction. Such a task 
exceeds the scope of this guide. To the extent that statutes or 
case law are referred to, they are referred to by way of example 
only, and the user of this guide is reminded that “the law” is in 
a constant state of flux. Analogized to a living thing, both case 
law and statutory law are constantly subject to creation (by new 
enactment or decision), change (by modification or amend- 
ment), and death (by being repealed, overruled, or vacated). 
It is recommended that the investigator seek legal counsel to 
assist in understanding and complying with the legal require- 
ments of any particular jurisdiction. Recognition of applicable 
legal requirements and considerations will help to ensure the 
reliability and admissibility of the investigator’s records, data, 
and opinions. 


9.2 Preliminary Legal Considerations. 


9.2.1 Authority to Conduct the Investigation. The investigator 
should ascertain the basis and extent of his or her authority to 
conduct the investigation. Normally, the authority is public or 
governmental (i.e., police department, fire department, office 
of the fire marshal); contractual (e.g., insurance); or other- 
wise private (e.g., in the event of investigation conducted in 
anticipation of litigation). Proper identification of the basis of 
authority will assist the investigator in complying with applica- 
ble legal requirements and limitations. 

The scope of authority granted to investigators from the 
public or governmental sector is usually specified within the 
codified laws of each jurisdiction, as supplemented by applica- 
ble local, agency, and department rules and regulations. Many 
states and local jurisdictions (i.e., cities, towns, or counties) 
have licensing or certification requirements for investigators. 
If such requirements are not followed, the results of the inves- 
tigation may not be admissible and the investigator may face 
sanctions. 


9.2.2 Right of Entry. The fact that an investigator has author- 
ity to conduct an investigation does not necessarily mean that 
he or she has the legal right to enter the property that was 
involved in the fire. Rights of entry are frequently enumerated 
by statutes, rules, and regulations. Illegal entry on the property 
could result in charges against the investigator (i.e., trespass- 
ing; breaking and entering; or obstructing, impeding, or ham- 
pering a criminal investigation). 

Once a legal right of entry onto the property has been 
established, the investigator should notify the officer or 
authority in charge of the scene of his or her entry. An other- 
wise legal right of entry does not authorize entry onto a crime 
scene investigation. Further authorization by the specific 
agency or officer in charge is required. Once on the property, 
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extreme caution should be exercised to preserve the scene 
and protect the evidence. 


Frequently, code provisions designed to protect public 
safety mandate that a building involved in a fire be demol- 
ished promptly to avoid danger to the public. This act can 
deny an investigator the only opportunity to examine the 
scene of a fire. When it is important to do so, court ordered 
relief prohibiting the demolition until some later and speci- 
fied date may be obtained, most typically by way of injunction, 
to allow for the investigator’s presence at the scene. This 
injunction may prove costly, however, as the party seeking the 
delay may be required to post a bond, procure guards, and 
secure the property during the intervening time period. Legal 
counsel should be able to anticipate needs in this regard and 
to respond to such needs promptly. 


The investigator should remain aware that he or she may 
be required to produce evidence by order of court or pursuant 
to a subpoena. The investigator should exercise caution and 
not destroy, dispose of, or remove any evidence unless clearly 
and legally entitled to do so. Regarding investigations of major 
or catastrophic fires, courts are becoming increasingly more 
willing to enter orders designed to preserve the fire scene, 
thereby preserving the rights of all interested parties and enti- 
ties to be aware of and examine all available evidence. 


In the event that destruction, disposal, or removal is autho- 
rized or necessary, the investigator should engage in such acts 
only after the scene has been properly recorded and the 
record has been verified as to accuracy and completeness. 
Care should be taken to avoid spoliation. 


9.2.3 Method of Entry. Whereas “right of entry” refers to the 
legal authority to be on a given premise or fire scene, this sec- 
tion concerns itself with how that authority is obtained. There 
are four general methods by which entry may be obtained: 
consent, exigent circumstance, administrative search warrant, 
and criminal search warrant. 


9.2.3.1 Consent. The person in lawful control of the property 
can grant the investigator permission or consent to enter and 
remain on the property. This is a voluntary act on the part of 
the responsible person and can be withdrawn at any time by 
that person. When consent is granted, the investigator should 
document it. One effective method is to have the person in 
lawful control sign a written waiver. 


9.2.3.2 Exigent Circumstance. It is generally recognized that 
the fire department has the legal authority to enter a property 
to control and extinguish a hostile fire. It also has been held 
that the fire department has an obligation to determine the 
origin and cause of the fire in the interest of the public good 
and general welfare. 


The time period in which the investigation may continue 
or should conclude has been the subject of a Supreme Court 
decision (Michigan v. Tyler, 436 U.S. 499), when the Court held 
that the investigation may continue for a “reasonable period 
of time,” which may depend on many variables. When the 
investigator is in doubt as to what is a “reasonable time,” one 
of the other methods to secure or maintain entry should be 
considered. 


9.2.3.3, Administrative Search Warrant. The purpose of an 
administrative search warrant is generally to allow those 
charged with the responsibility, by ordinance or statute, to 
investigate the origin and cause of a fire and to fulfill their 
obligation according to the law. 


An administrative search warrant may be obtained from a 
court of competent jurisdiction upon a showing that consent 
has not been granted or has been denied. It is not issued on 
the traditional showing of “probable cause,” as is the criminal 
search warrant, although it is still necessary to demonstrate 
that the search is reasonable. The search should be justified by 
a showing of reasonable governmental interest. If a valid pub- 
lic interest justifies the intrusion, then valid and reasonable 
probable cause has been demonstrated. 

The scope of an administrative search warrant is limited to 
the investigation of the origin and cause of the fire. If during 
the search permitted by an administrative search warrant, evi- 
dence of a crime is discovered, the search should be stopped 
and a criminal search warrant should be obtained (Michigan v. 
Clifford, 464 U.S. 287). 


9.2.3.4 Criminal Search Warrant. The purpose of a criminal 
search warrant is to allow the entry of government officials or 
agents to search for and collect any evidence of a crime. A 
criminal search warrant is obtained on the traditional showing 
of probable cause, in that the investigator is required to show 
that probable cause exists that a crime has been committed. 

The investigator’s application for obtaining a criminal 
search warrant typically includes the following: 


(1) Purpose and scope of the search 

(2) Location 

(3) Party against whom the search is directed 

(4) Time in which the search is to be initiated and concluded 
(5) Evidence that can be expected to be recovered 


9.3 Evidence. Rules of evidence regulate the admissibility of 
proof at a trial. The purpose of rules of evidence is to ensure 
that the proof offered is reliable. A goal of every fire investiga- 
tion is to produce reliable documents, samples, statements, 
information, data, and conclusions. 

It is not necessary that every fire investigator become an 
expert on rules of evidence. If the practices and procedures 
recommended within this guide are complied with, the results 
of the investigation should be admissible. 


9.3.1 Federal Rules of Evidence. Evidentiary requirements, 
standards, and rules vary greatly from jurisdiction to jurisdic- 
tion. For this reason, those rules of evidence that are in effect 
in individual states, territories, provinces, and international 
jurisdictions should be consulted. The United States Federal 
Rules of Evidence have been relied on throughout this guide 
for guidance in promoting their general criteria of relevance 
and identification. 

The Federal Rules of Evidence became effective on July 1, 
1975. The federal rules are applicable in all civil and criminal 
cases in all United States courts of appeal, district courts, 
courts of claims, and before United States magistrates. The 
federal rules are recognized as having essentially codified the 
well-established rules of evidence, and many states have 
adopted, in whole or in part, the federal rules. 


9.3.2 Types of Evidence. There are basically three types of 
evidence, all of which in some manner relate to fire investiga- 
tions. They are demonstrative evidence, documentary evi- 
dence, and testimonial evidence. They are described in detail 
in 9.3.2.1, 9.3.2.2, and 9.3.2.3. 


9.3.2.1 Demonstrative Evidence. This is a type of evidence that 
consists of tangible items as distinguished from testimony of wit- 
nesses about the items. It is evidence from which one can derive 
a relevant firsthand impression by seeing, touching, smelling, 
or hearing the evidence. 
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Demonstrative evidence should be authenticated. Evidence 
is authenticated in one of two ways: through witness identifica- 
tion (i.e., recognition testimony) or by establishing a chain of 
custody (an unbroken chain of possession from the taking of 
the item from the fire scene to the exhibiting of the item). 


9.3.2.1.1 Photographs/Illustrative Forms of Evidence. Among 
the most frequently utilized types of illustrative demonstrative 
evidence are maps, sketches, diagrams, and models. They are 
generally admissible on the basis of testimony that they are 
substantially accurate representations of what the witness is 
endeavoring to describe. 

Photographs and movies are viewed as a graphic portrayal 
of oral testimony and become admissible when a witness has 
testified that they are correct and accurate representations of 
relevant facts personally observed by the witness. The witness 
often need not be the photographer but should know about 
the facts represented or the scene or objects photographed. 
Once this knowledge is shown, the witness can state whether a 
photograph correctly and accurately portrays those facts. 


9.3.2.1.2 Samples. Chain of custody is especially important 
regarding samples. To ensure admissibility of a sample an 
unbroken chain of possession should be established. 


9.3.2.2 Documentary Evidence. Documentary evidence is 
any evidence in written form. It may include business records 
such as sales receipts, inventory lists, invoices, bank records, 
including checks and deposit slips; insurance policies; per- 
sonal items such as diaries, calendars, telephone records; fire 
department records such as the fire investigator’s report, the 
investigator’s notes, the fire incident report, witness statement 
reduced to writing; or any law enforcement agency reports, 
including investigation reports, police officer operational 
reports, fire or police department dispatcher logs; division of 
motor vehicle records; written transcripts of audio- or video- 
tape recordings. Any information in a written form related to 
the fire or explosion incident is considered documentary evi- 
dence. Documentary evidence is generally admissible if the 
documents are maintained in the normal course of business. 

All witness statements should be properly signed by the 
witness, dated, and witnessed by a third party when possible. 
It is important to obtain the full name, address, and tele- 
phone number of the witness. Any additional identifying 
information (e.g., date of birth, social security number, and 
automobile license number) may prove helpful in the event 
that difficulties are later encountered in locating the witness. 
Statements actually written by the witness may be required in 
certain jurisdictions. 


9.3.2.3 Testimonial Evidence. Testimonial evidence is that 
given by a competent live witness speaking under oath or affir- 
mation. Investigators are frequently called on to give testimo- 
nial evidence regarding the nature, scope, conduct, and 
results of their investigation. It is incumbent on all witnesses to 
respond completely and honestly to all questions. 


9.3.3 Post-fire Interviews and Witness Statements. Post-fire 
interviews of witnesses and the taking of witness statements are 
an important aspect of the fire investigation process. For spe- 
cific procedures and techniques to be utilized when conduct- 
ing interviews, see Section 11.3. 


9.3.4 Constitutional Considerations. Within the United States 
and its territories, investigators should be aware of the constitu- 
tional safeguards that are generally applicable to any witness 
when the interview is conducted by a representative, employee, 
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or agent of any governmental entity. This includes members of 
public fire services and generally extends to most investigators 
functioning in a public capacity. 

Within the United States and its territories, witnesses being 
interviewed have constitutional guarantees under the Fifth 
and Sixth Amendments. These guarantees include the right to 
have an attorney present during questioning. Questions 
regarding personal identification are not subject to constitu- 
tional protection. 

In light of the numerous criminal charges that can be made 
as a result of a fire, each investigator should ascertain whether 
he or she is required to give warning under the Miranda Rule 
and, if so, when to give it and how to give it. 

The Miranda Rule requires that, prior to any custodial 
interrogation, the person/witness should be warned of the 
following: 


(1) That they have a right to remain silent 

(2) That any statement they do make may be used as evi- 
dence against them 

(3) That they have the right to the presence of an attorney 

(4) That, if they cannot afford an attorney, one will be 
appointed for them prior to any questioning if they so 
desire 


Unless and until these warnings or a waiver of these rights 
are demonstrated at trial, no evidence obtained in the interro- 
gation may be used against the accused (formerly the witness) 
(Miranda v. Arizona, 384 U.S. 436). 

Witnesses interviewed in “custodial settings” should be 
advised of their constitutional rights. Though interviews con- 
ducted on a fire scene are not generally considered to be cus- 
todial, depending on the circumstances, they may be 
custodial. The custodial setting depends on many variables, 
including the location of the interview, the length of the inter- 
view, who is present and who participates, and the witness’s 
perception of whether he or she will be restrained if he or she 
attempts to leave. If there is any doubt in the mind of the inves- 
tigator as to whether the witness is being questioned in a cus- 
todial setting, the witness should be advised of his or her 
constitutional rights. It is recommended that, when a witness 
is advised of his or her constitutional rights, as required by the 
Miranda Rule, they be on a written form that can be signed by 
the witness. 


9.3.5 Burden of Proof. The burdens of proof in civil cases 
differ from those in criminal cases. 

In a criminal case, because the civil liberties of the defen- 
dant are at stake, the prosecutor must prove the defendant’s 
guilt beyond a reasonable doubt. 

Civil cases typically involve disputes over money. In most 
civil cases, the plaintiff must prove his claims by a preponder- 
ance of the evidence, which means, “more likely than not.” 


9.3.6 Spoliation of Evidence. 


9.3.6.1 Spoliation of evidence refers to the loss, destruction, or 
material alteration of an object or document that is evidence or 
potential evidence in a legal proceeding by one who has the 
responsibility for its preservation. Spoliation of evidence may 
occur when the movement, change, or destruction of evidence, 
or the alteration of the scene significantly impairs the opportu- 
nity of other interested parties to obtain the same evidentiary 
value from the evidence, as did any prior investigator. 


9.3.6.2 The responsibility of the investigator (or anyone who 
handles or examines evidence) for evidence preservation, and 
the scope of that responsibility varies based on such factors as 
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the jurisdiction, whether the investigator is a public official or 
private sector investigator, whether criminal conduct is indi- 
cated, and applicable laws and regulations. 


9.3.6.3 Efforts to photograph, document, or preserve evi- 
dence should apply not only to evidence relevant to an inves- 
tigator’s opinions, but also to evidence of reasonable alternate 
hypotheses that were considered and ruled out. 


9.3.6.4 Criminal and civil courts have applied various reme- 
dies when there has been spoliation of evidence. Remedies 
employed by the courts may include discovery sanctions, mon- 
etary sanctions, application of evidentiary inferences, limita- 
tions under the rules of evidence, exclusion of expert 
testimony, dismissal of a claim or defense, independent tort 
actions for the intentional or negligent destruction of evi- 
dence, and even prosecution under criminal statutes relating 
to obstruction of justice. Investigators should conduct their 
investigations so as to minimize the loss or destruction of evi- 
dence and thereby to minimize allegations of spoliation. 


9.3.6.5 If the investigator determines that significant alter- 
ation of the fire scene will be necessary to complete the fire 
investigation, special care should be taken to photograph and 
document the scene and preserve relevant evidence. Public 
sector investigators may have different notification responsi- 
bilities than the private sector investigator. Responsibility for 
notification varies based on jurisdictions, scope, procedures, 
and the circumstances of the fire. Interested parties should 
make public officials aware of their interest. 


9.3.6.6 Fire investigation usually requires the movement of 
evidence or alteration of the scene. In and of itself, such move- 
ment of evidence or alteration of the scene should not be con- 
sidered spoliation of evidence. Physical evidence may need to 
be moved prior to the discovery of the cause of the fire. Addi- 
tionally, it is recognized that it is sometimes necessary to 
remove the potential causative agent from the scene and even 
to carry out some disassembly in order to determine whether 
the object did, in fact, cause the fire, and which parties may 
have contributed to that cause. For example, the manufac- 
turer of an appliance may not be known until after the unit has 
been examined for identification. Such activities should not 
be considered spoliation. 


Still another consideration is protection of the evidence. 
There may be cases where it is necessary to remove relevant 
evidence from a scene in order to ensure that it is protected 
from further damage or theft. Steps taken to protect evidence 
should also not be considered spoliation. 


9.3.6.7 Once evidence has been removed from the scene, it 
should be maintained and not be destroyed or altered until 
others who have a reasonable interest in the matter have been 
notified. Any destructive testing or destructive examination of 
the evidence that may be necessary should occur only after all 
reasonably known parties have been notified in advance and 
given the opportunity to participate in or observe the testing. 
Guidance regarding notification can be found in ASTM E 860, 
Standard Practice for Examining and Testing Items That Are or May 
Become Involved in Products Liability Litigation, and ASTM E 
1188, Standard Practice for Collection and Preservation of Informa- 
tion and Physical Items by a Technical Investigator. Guidance for 
disposal of evidence may be found in Section 14.11 of this 
guide. Guidance for labeling of evidence can be found in 
ASTM E 1459, Standard Guide for Physical Evidence Labeling and 
Related Documentation. 


9.4 Criminal Prosecution. Though there are certain fire- 
related crimes that appear to exist in all jurisdictions (e.g., 
arson), the full scope of possible criminal charges is as varied 
as the jurisdictions themselves, their resources, histories, inter- 
ests, and concerns. 


9.4.1 Arson. Arson is the most commonly recognized fire- 
related crime. Black’s Law Dictionary, 6th edition, 1990, defines 
arson as follows: 

Arson. At common law, the malicious burning of the 
house of another. This definition, however, has been 
broadened by state statutes and criminal codes. For 
example, the Model Penal Code, Section 220.1(1), pro- 
vides that a person is guilty of arson, a felony of the sec- 
ond degree, if he starts a fire or causes an explosion with 
the purpose of: (a) destroying a building or occupied 
structure of another; or (b) destroying or damaging any 
property, whether his own or another’s, to collect insur- 
ance for such a loss. 

In several states, this crime is divided into arson in the 
first, second, and third degrees: the first degree includ- 
ing the burning of an inhabited dwelling-house in the 
nighttime; the second degree, the burning (at night) of 
a building other than a dwelling-house, but so situated 
with reference to a dwelling-house as to endanger it; the 
third degree, the burning of any building or structure 
not the subject of arson in the first or second degree, or 
the burning of property, his own or another’s with 
intent to defraud or prejudice the insurer thereof. 


9.4.1.1 Arson Statutes. The laws of each jurisdiction should 
be carefully researched regarding the requirements, burden 
of proof, and penalties for the crime of arson. Arson generally, 
or in the first and second degrees (if so classified), is deemed 
a felony offense. Such felony offenses require proof that the 
person intentionally damaged property by starting or main- 
taining a fire or causing an explosion. Arson in the third 
degree (if so classified) generally requires only reckless con- 
duct that results in the damage of property and is often a mis- 
demeanor offense. 


9.4.1.2 Factors to Be Considered. The following factors are 
of relevance to most investigations when there is a possibility 
that the criminal act of arson was committed: 


(1) Was the building, starting, or maintaining of a fire or the 
causing of an explosion intentional? 

(2) Was another person present in or on the property? 

(3) Who owned the property? 

(4) If the property involved was a building, what type of 
building and what type of occupancy was involved in the 
fire? 

(5) Did the perpetrator act recklessly, though aware of the 
risk present? 

(6) Was there actual presence of flame? 

(7) Was actual damage to the property or bodily injury to a 
person caused by the fire or explosion? 


9.4.2 Other Fire-Related Criminal Acts. The bases of fire- 
related criminal prosecution vary greatly from jurisdiction to 
jurisdiction. It is impossible to list all possible offenses. The fol- 
lowing nonexclusive list of sample acts that can result in criminal 
prosecution will alert the investigator to the possibilities in any 
given jurisdiction: insurance fraud; leaving fires unattended; 
allowing fires to burn uncontrolled; allowing fires to escape; 
burning without proper permits; reckless burning; negligent 
burning; reckless endangerment; criminal mischief; threatening 
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a fire or bombing; failure to report a fire; failure to report smol- 
dering conditions; tampering with machinery, equipment, or 
warning signs used for fire detection, prevention, or suppres- 
sion; failure to assist in suppression or control of a fire; sale or 
installation of illegal or inoperative fire suppression or detection 
devices; and use of certain equipment or machinery without 
proper safety devices, without the presence of fire extinguishers, 
or without other precautions to prevent fires. 

Criminal sanctions are almost universally imposed for fail- 
ures to obey orders of fire marshals, fire wardens, and other 
officials and agents of public sector entities created to pro- 
mote, accomplish, or otherwise ensure fire prevention, protec- 
tion, suppression, or safety. 

Key industries or resources within a given jurisdiction often 
result in the enactment of special and detailed criminal provi- 
sions. By way of example, criminal statutes exist with specific 
reference to fires in coal mines, woods, prairie lands, forests, 
and parks, and during drought or emergency conditions. Spe- 
cial provisions also exist regarding the type of occupancy or 
use of a given structure (i.e., penal/correctional institutions, 
hospitals, nursing homes, day-care or child-care centers, and 
schools). The use or transporting of hazardous or explosive 
materials is regulated in nearly all jurisdictions. 


9.5 Arson-Reporting Statutes. Many jurisdictions have enacted 
statutes requiring that information be released to public offi- 
cials regarding fires that may have been the result of a criminal 
act. 

Commonly referred to as the “arson immunity acts,” the 
arson-reporting statutes generally provide that an insurance 
company should, on written request from a designated public 
entity or official, release enumerated items of information and 
documentation regarding any loss or potential loss due to a 
fire of “suspicious” or incendiary origin. The information is 
held in confidence until its use is required in a civil or criminal 
proceeding. The insurance company is held immune from 
civil liability and criminal prosecution, premised upon its 
release of the information, pursuant to the statute. 

The number of jurisdictions with an arson-reporting act is 
growing, and it is anticipated that they will continue to grow. 
As enacted in each jurisdiction, the acts vary greatly as to both 
requirements and criminal sanctions. Each act does impose 
criminal sanctions for failure to comply. 

In order to avoid criminal prosecution, the insurance com- 
panies and investigators operating on its behalf should be 
aware of any applicable arson-reporting act. One should be 
alert to the following variations that currently exist. 


(a) In addition to the insurance company, some jurisdic- 
tions require compliance by its employees, agents, investiga- 
tors, insureds, and attorneys. 

(b) In addition to response to specific written requests for 
information or documentation, some jurisdictions state that 
an insurance company may inform the proper authorities 
whenever it suspects a fire was of “suspicious origin.” Other 
jurisdictions state that an insurance company must inform the 
proper authorities whenever it suspects a fire was of “suspi- 
cious origin.” 

Note that the term suspicious origin, as used within this sec- 
tion, refers to the actual language of some arson-reporting 
statutes. This guide does not recognize mere suspicion as an 
accurate or acceptable level of proof for making determina- 
tions of origin or cause, nor does it recognize “suspicious ori- 
gin” as an accurate or acceptable description of cause or 
origin. This guide discourages the use of such terms. 
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(c) In addition to requiring production of specifically 
enumerated items of information and documentation, some 
jurisdictions require production of all information and doc- 
umentation. 


(d) Though mostjurisdictions ensure absolute confidential- 
ity of the information and documentation released, pending its 
use at a criminal or civil proceeding, other jurisdictions allow its 
release to other interested public entities and officials. 

(e) In many jurisdictions, the immunity from civil liability 
and criminal prosecution is lost in the event that information 
was released maliciously or in bad faith. 


9.6 Civil Litigation. Many fires result in civil litigation. These 
lawsuits typically involve claims of damages for death, injury, 
property damage, and financial loss caused by a fire or explo- 
sion. The majority of civil lawsuits are premised on allegations 
of negligence. A significant number of civil lawsuits are pre- 
mised on the legal principle of product liability or alleged vio- 
lations of applicable codes and standards. 


9.6.1 Negligence. Negligence generally applies to situations 
in which a person has not behaved in the manner of a reason- 
ably prudent person in the same or similar circumstances. Lia- 
bility for negligence requires more than conduct. The 
elements that traditionally should be established to impose 
legal liability for negligence may be stated briefly as follows. 


(a) Duty. A duty requiring a person to conform to a certain 
standard of conduct, for the protection of others against 
unreasonable risks 


(b) Failure. A failure by the person to conform to the stan- 
dard required 


(c) Cause. A reasonably close causal connection between 
the conduct of the person and resulting injury to another 
(generally referred to as “legal cause” or “proximate cause”) 


(d) Loss. Actual loss or damage resulting to the interests of 
another 


A hypothetical example of the application of the elements 
of negligence follows. 


The operator of a nursing home has a duty to install 
operable smoke detectors within the nursing home for 
the protection of the inhabitants of the nursing home. 
A reasonably prudent nursing home operator would 
have installed the smoke detectors. The operator of the 
nursing home /ailed to install operable smoke detectors. 
A fire began in a storage room. Because there were no 
smoke detectors, the staff and occupants of the nursing 
home were not alerted to the presence of the fire in 
time to allow the occupants to reach safety, and an occu- 
pant who could have otherwise been saved died as a 
result of the fire. The death of the occupant was proxi- 
mately caused by the failure to install operable smoke 
detectors. The death constitutes actual loss or damage to 
the deceased occupant and his or her family. Once all 
four elements are established, liability for negligence 
may be imposed. 


9.6.2 Codes, Regulations, and Standards. Various codes, reg- 
ulations, and standards have evolved through the years to pro- 
tect lives and property from fire. Violations of codes, 
regulations, rules, orders, or standards can establish a basis of 
civil liability in fire or explosion cases. Further, many jurisdic- 
tions have legislatively determined that such violations either 
establish negligence or raise a presumption of negligence. By 


SAFETY 


921-85 


statute, violation of criminal or penal code provisions may also 
entitle the injured party to double or triple damages. 


9.6.3 Product Liability. Product liability refers to the legal lia- 
bility of manufacturers and sellers to compensate buyers, users, 
and even bystanders for damages or injuries suffered because of 
defects in goods purchased. This tort makes manufacturers lia- 
ble if their product has a defective condition that makes it 
unreasonably dangerous (unsafe) to the user or consumer. 
Although the ultimate responsibility for injury or damage 
most frequently rests with the manufacturer, liability may also 
be imposed upon a retailer, occasionally on a wholesaler or 
middleman, on a bailor or lessor, and infrequently on a party 
wholly outside the manufacturing and distributing process, 
such as a certifier. This ultimate responsibility may be imposed 
by an action by the plaintiff against the manufacturer directly, 
or by way of claims for indemnification or contribution against 
others who might be held liable for the injury caused by the 
defective product. (See Black’s Law Dictionary, 6th ed., p. 1209.) 


9.6.4 Strict Liability. Courts apply the concept of strict liabil- 
ity in product liability cases in which a seller is liable for any 
and all defective or hazardous products that unduly threaten 
a consumer’s personal safety. This concept applies to all mem- 
bers involved in the manufacturing and selling of any facet of 
the product. 

The concept of strict liability in tort is founded on the 
premise that when a manufacturer presents a product or good 
to the public for sale, the manufacturer represents that the 
product or good is suitable for its intended use. 

In order to recover in strict liability, it is essential to prove 
that the product was defective when placed in the stream of 
commerce and was, therefore, unreasonably dangerous. 

The following types of defects have been recognized: 
design defects; manufacturing defects; failure to warn or inad- 
equacy of warning; and failure to comply with applicable stan- 
dards, codes, rules, or regulations. The three most commonly 
applied defects are described as follows. 


(a) Design Defect. The basic design of the product contains a 
fault or flaw that has made the product unreasonably dangerous. 

(b) Manufacturing Defect. The design of the product may 
have been adequate, but a fault or mistake in the manufactur- 
ing or assembly of the product has made it unsafe. 

(c) Inadequate Warnings. The consumer was not properly 
instructed in the proper or safe use of the product; nor was the 
consumer warned of any inherent danger in the possession of, 
or any reasonably foreseeable use or misuse of, the product. 


Strict liability applies, although the seller has exercised all 
possible care in the preparation and sale of a product. It is not 
required that negligence be established. (See Restatement of the 
Law, Second, Torts, Section 402A.) 


9.7 Expert Testimony. 


9.7.1 General Witness. An investigator will often be called to 
give testimony before courts, administrative bodies, regulatory 
agencies, and related entities. In addition to giving factual tes- 
timony, an investigator may be called to give conclusions or 
opinions regarding a fire. 


9.7.2 Litigation or Expert Witness. For purposes of litigation, 
only expert witnesses are allowed to offer opinion testimony at 
the discretion of the court. An expert witness is generally 
defined as someone with sufficient skill, knowledge, or experi- 
ence in a given field so as to be capable of drawing inferences 
or reaching conclusions or opinions that an average person 


would not be competent to reach. The expert’s opinion testi- 
mony should aid the judge or jury in their understanding of the 
fact at issue and thereby aid in the search for truth. 

The opinion or conclusion of the investigator testifying as 
an expert witness is of no greater value in ascertaining the 
truth of a matter than that warranted by the soundness of the 
investigator’s underlying reasons and facts. The evidence that 
forms the basis of any opinion or conclusion should be rele- 
vant and reliable and, therefore, admissible. The proper con- 
duct of an investigation will ensure that these indices of 
reliability and credibility are met. 


Chapter 10 Safety 


10.1* General. Fire scenes by their nature are dangerous 
places. Fire investigators have a duty to themselves and to oth- 
ers who may be endangered at fire scenes to exercise due cau- 
tion during their investigations. This chapter will provide the 
investigator with some basic recommendations concerning a 
variety of safety issues, including personal protective equip- 
ment (PPE). It should be noted, however, that the investigator 
should be aware of and follow the requirements of safety- 
related laws or those policies and procedures established by 
their agency, company, or organization. 


10.1.1 Investigating the Scene Alone. Fire scene examinations 
should not be undertaken alone. A minimum of two individuals 
should be present to ensure that assistance is at hand if an inves- 
tigator should become trapped or injured. If it is impossible for 
the investigator to be accompanied, he or she should, at the 
least, notify a responsible person of where the investigator will 
be and of when he or she can reasonably be expected to return. 


10.1.2 Safety Clothing and Equipment. Proper safety equip- 
ment, including safety shoes or boots, gloves, safety helmet, 
and protective clothing, should be worn at all times while 
investigating the scene. The type of protective clothing will 
depend on the type and level of hazard present. When there 
is a potential for injuries from falling objects or potential cuts 
or scrapes from sharp objects, fire-fighting turnout gear or 
similar clothing that provides this type of protection may be 
the best choice. When an investigator is dealing with a poten- 
tial exposure of toxic substances and debris, disposable cover- 
alls as required by some safety-related regulations may be 
necessary. In high hazard atmospheres hazardous environmental 
suits may be required. Whenever PPE is worn to provide pro- 
tection from a hazardous environment, it should be properly 
decontaminated or disposed of in order to avoid subsequent 
exposure to residues. Even when choosing to wear standard 
cloth coveralls or fire-fighting turnout gear, consideration 
should be given to the safe handling of the clothing so as not 
to create additional exposure. 

Appropriate filter or self-contained breathing apparatus 
(SCBA) could be necessary at some fire scenes. Immediately 
following fire extinguishment, there may be combustion gases 
and smoke, low oxygen concentration, toxic or carcinogenic 
airborne particles, and high heat conditions present. In these 
atmospheres, the investigator should utilize SCBA and other 
PPE that is appropriate. The act of disturbing the fire debris 
may create dust, which should be considered hazardous, and 
the investigator should consider wearing a filter mask with the 
appropriate cartridge. The decision to wear a full face mask 
versus a half face mask respirator will be up to the wearer and 
the hazards present. In the respirator selection process, con- 
sideration should be given to eye protection, as many toxic 
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substances can be absorbed through the sclera. If a half face 
respirator is selected, then the wearing of a pair of unvented 
goggles will provide protection from this type of hazard. 

The proper selection of gloves should also be considered. 
If fire-fighting gloves or lighter leather gloves are selected, 
then protection from the leaching of toxic substances should 
be provided. In many instances, wearing latex (or similar) 
gloves underneath the leather gloves may provide the protec- 
tion needed, or the investigator may need to select gloves that 
would be more appropriate for the hazard present. 

Certain other equipment might also be necessary to main- 
tain safety. This equipment includes flashlights or portable 
lighting, fall protection equipment, environmental monitor- 
ing and sampling equipment, and other specialized tools and 
equipment. Some of this equipment requires special training 
in its use. 


10.1.3 Fire Scene Hazards. The investigator should remain 
aware of the general and particular dangers of the scene 
under investigation. The investigator should keep in mind the 
potential for serious injury at any time and should not become 
complacent or take unnecessary risks. The need for this aware- 
ness is especially important when the structural stability of the 
scene is unknown or when the investigation requires that the 
investigator be working above or below ground level. 


10.1.4 Personal Health and Safety. The investigator should 
be cognizant of factors associated with chemical, biological, 
radiological, or other potential hazards that may threaten per- 
sonal health and safety while conducting fire scene examina- 
tions. Where these conditions exist, special precautions 
should be taken, as mentioned in 10.1.2. 

Industries are becoming more cognizant of these hazards. 
Proper identification or labeling may have been destroyed as 
a result of the fire. The fire investigator should seek out knowl- 
edgeable persons from the facility to identify any possible sub- 
stances that may endanger those working in and around the 
fire scene. The facility should have material safety data sheets 
(MSDS), safety plans, and standard operating procedures 
(SOPs) that reference their hazardous commodities and that 
will also be beneficial to the investigator. 

Of further concern is the use of hazardous substances as a 
form of terrorism. Whenever there is suspicion that the scene 
may be a crime scene as a result of a terrorist act, all precau- 
tions should be implemented. 


10.1.5 Investigator Fatigue. It is common for investigators to 
put in long periods of strenuous personal labor during an inci- 
dent scene investigation. This may result in fatigue, which can 
adversely influence an investigator’s physical coordination, 
strength, or judgment to recognize or respond to hazardous con- 
ditions or situations. Keep in mind that the use of heavy safety 
clothing and respiratory protection will further increase fatigue. 

Periodic rest, fluid replacement, and nourishment should 
be provided in a safe atmosphere, remote but convenient to 
the fire scene. This precaution is particularly necessary on 
large or major incident scenes. 


10.2 Factors Influencing Scene Safety. Many varying factors 
can influence the danger potential of a fire or explosion 
scene. The investigator should be constantly on the alert for 
these conditions and should ensure that appropriate safety 
precautions are taken by all persons working at the scene. 


10.2.1 Status of Suppression. If the investigator is going to 
enter parts of the structure before the fire is completely extin- 
guished, he or she should receive permission from the fire 


2001 Edition 


ground commander. The investigator should coordinate his 
or her activities with the fire suppression personnel and keep 
the fire ground commander advised of the areas into which he 
or she will be entering and working. The investigator should 
not move into other areas of the structure without informing 
the fire ground commander. The investigator should not 
enter a burning structure unless accompanied by fire suppres- 
sion personnel, and unless appropriately trained to do so. 

When conducting an investigation in a structure soon after 
the fire is believed to be extinguished, the investigator should 
be mindful of the possibility of a rekindle. The investigator 
should be alert for continued burning or a rekindle and 
should remain aware at all times of the fastest or safest means 
of egress. 


10.2.2 Structural Stability. By their nature, most structures 
that have been involved in fires or explosions are structurally 
weakened. Roofs, ceilings, partitions, load-bearing walls, and 
floors may have been compromised by the fire or explosion. 

The investigator’s task requires that he or she enter these 
structures and often requires that he or she perform tasks of 
debris removal that may dislodge or further weaken these 
already unsound structures. Before entering such structures 
or beginning debris removal, the investigator should make a 
careful assessment of the stability and safety of the structure. If 
necessary, the investigator should seek the help of qualified 
structural experts to assess the need for the removal of danger- 
ously weakened construction or should make provisions for 
shoring up load-bearing walls, floors, ceilings, or roofs. 

The investigator should also be especially mindful of hid- 
den holes in floors or of other dangers that may be hidden by 
standing water or loosely stacked debris. The investigator 
should keep in mind that the presence of pooled extinguish- 
ment water or of weather-related factors — such as the weight 
of rain water, high winds, snow, and ice — can affect the ability 
of structures to remain sound. For example, a badly damaged 
structure may only continue to stand until the ice melts. 


10.2.3 Utilities. The investigator should determine the sta- 
tus of all utilities (i.e., electric, gas, and water) within the 
structure under investigation. Determine before entering if 
electric lines are energized (primary, secondary, or tempo- 
rary electrical service), if fuel gas lines are charged, or if 
water mains and lines are operative. Determining the status 
of all utilities is necessary to prevent the possibility of electri- 
cal shock or inadvertent release of fuel gases or water during 
the course of the investigation. 


10.2.4 Electrical Hazards. Although the fire investigators may 
arrive on the scene hours or even days later, they should recog- 
nize potential hazards in order to avoid injury or even death. 
Serious injury or death can result from electric shocks or 
burns. Investigators as well as fire officers should learn to pro- 
tect themselves from the dangers of electricity while conduct- 
ing fire scene examinations. The risk is particularly high 
during an examination of the scene immediately following the 
fire. When conditions warrant, the investigator should ensure 
that the power to the building or to the area affected has been 
disconnected. The fire investigator should not disconnect the 
building’s electric power but should ensure that the authorized 
utility does so. 

When electrical service has been interrupted and the 
power supply has been disconnected, a tag or lock should be 
attached to the meter, indicating that power has been shut off. 
In considering potential electrical hazards, always assume that 
danger is present. The investigator should personally verify 
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that the power has been disconnected. This verification can be 
accomplished with the use of a voltmeter. Some meters allow 
the accurate measuring of volts, ohms, and resistance. Other 
devices are designed simply to indicate the presence of alter- 
nating current. These pencil-sized products give an audible or 
visual alarm when the device tip is placed on the wire (bare or 
jacketed). If any doubt exists as to whether the equipment is 
energized, call the local electric utility for verification. 


The investigator may be working at fire scenes that have 
been equipped with temporary wiring. The investigator 
should be aware that temporary wiring for lighting or power 
arrangements is often not properly installed, grounded, or 
insulated and, therefore, may be unsafe. 


The investigator should consider the following electrical 
hazards when examining the fire scene. 


(a) Consider all wires energized or “hot,” even when the 
meter has been removed or disconnected. 


(b) When approaching a fire scene, be alert to fallen elec- 
trical wires on the street; on the ground; or in contact with a 
metal fence, guard rail, or other conductive material, includ- 
ing water. 

(c) Look out for antennas that have fallen on existing 
power lines, for metal siding that has become energized, and 
for underground wiring. 


(d) Use caution when using or operating ladders or when 
elevating equipment in the vicinity of overhead electric lines. 


(e) Note that building services are capable of delivering 
high amperage and that short circuiting can result in an 
intense electrical flash, with the possibility of serious physical 
injury and burns. 


(f) Rubber footwear should not be depended on as an 
insulator. 


(g) A flooded basement should not be entered if the elec- 
trical system is energized. Energized electrical equipment 
should not be turned off manually while standing in water. 


(h) Avoid operating any electrical switch or non-explosion- 
proof equipment in the area that might cause an explosion if 
flammable gas or vapors are suspected of being present. (See 
10.2.7.) When electric power must be shut off, it should be 
done at a point remote from the explosive atmosphere. 


(i) Establish lines of communication and close coopera- 
tion with the utility company. Power company personnel pos- 
sess the expertise and equipment necessary to deal with 
electrical emergencies. 


(j) Locate and avoid underground electric supply cables 
before digging or excavating on the fire scene. 


(k) Be aware of multiple electrical services that may not be 
disconnected, extension cords from neighboring buildings, 
and similar installations. 


(1) Always use a meter to determine whether the electric- 
ity is off. 


10.2.5 Standing Water. Standing water can pose a variety of 
dangers to the investigator. Puddles of water in the presence 
of energized electrical systems can be lethal if the investigator 
should touch an energized wire while standing in a puddle. 


Pools of water that may appear to be only inches deep may 
in fact be well over the investigator’s head. Pools of water may 
also conceal hidden danger such as holes or dangerous objects 
that may trip or otherwise injure the investigator. 


10.2.6 Safety of Bystanders. Fire and explosion scenes always 
generate the interest of bystanders. Their safety, as well as the 
security of the scene and its evidence, should be addressed by 
the investigator. 

The investigation scene should be secured from entry by 
curious bystanders. This may be accomplished by merely rop- 
ing off the area and posting “Keep Out” signs and barricade 
tape, or it may require the assistance of police officers, fire ser- 
vice personnel, or other persons serving as guards. Any unau- 
thorized individuals found within the fire investigation scene 
area should be identified, their identity noted, and then they 
should be required to leave. 


10.2.7 Safety of the Fire Scene Atmosphere. Fires and explo- 
sions often generate toxic or noxious gases. The presence of 
hazardous materials in the structure is certain. Homes contain 
chemicals in the kitchen, bath, and garage that can create 
great risk to the investigator if he or she is exposed to them. 
Commercial and business structures are generally more orga- 
nized in the storage of hazardous materials, but the investiga- 
tor cannot assume that the risk is less in such structures. Many 
buildings older than 20 years will contain asbestos. The inves- 
tigator should be aware of the possibility that he or she could 
become exposed to dangerous atmospheres during the course 
of an investigation. 

In addition, it is not uncommon for atmospheres with 
insufficient oxygen to be present within a structure that has 
been exposed to fire or explosion. Fire scene atmospheres 
may contain ignitable gas, vapors, and liquids. The atmo- 
sphere should be tested using appropriate equipment to 
determine whether such hazards or conditions exist before 
working in or introducing ignition sources into the area. Such 
ignition sources may include electrical arcs from flashlights, 
radios, cameras and their flashes, and smoking materials. 


10.3 Criminal Acts or Acts of Terrorism. Fire is an event that 
can result from a criminal act. The initial incendiary device 
that created the fire or explosion may not be the only device 
left at the scene by the perpetrator. A secondary incendiary or 
explosive device may be left at the scene with the intent to 
harm fire, rescue, or investigative personnel. Of further con- 
cern are the chemicals used in the device that may leave a res- 
idue, creating an additional exposure. 


10.3.1 Secondary Devices. The potential endangerment from 
a secondary incendiary or explosive device is remote com- 
pared to other hazards created at the scene from the initial 
device. However, the investigator should always be wary of any 
unusual packages or containers at the crime scene. If there is 
reason to believe that such a device may exist, it is necessary to 
contact the appropriate authorities to have specialists “sweep” 
the area. Close cooperation between investigative personnel 
and the explosive ordnance disposal (EOD) specialists can 
preclude the unnecessary destruction of the crime scene. 


10.3.2 Residue Chemicals. If the incendiary or explosive 
device is rendered safe by the appropriate personnel, care 
should be taken when handling the rendered device or any 
residue from the device. Exposure to the chemical residue 
could endanger the investigator. Appropriate protective cloth- 
ing and breathing apparatus should be worn while in the pro- 
cess of collecting such evidence. 


10.3.3 Biological and Radiological Terrorism. There is a poten- 
tial for a terrorist to release biological or radiological particulates 
as a part of his or her terrorist act. Usually the emergency 
response personnel will be aware of such an act while mitigating 
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the emergency incident. If there is any suspicion that either type 
of hazardous substance has been released, the scene must be 
rendered safe prior to the entry of investigative personnel. If this 
is not possible and the investigation is to go forward, only those 
investigative personnel trained to work in such atmospheres 
should be allowed to enter the scene. 


10.3.4 Exposure to Tools and Equipment. Many of the tools 
and equipment used in the process of conducting an investi- 
gation may be rendered unsafe after being used in hazardous 
atmospheres. The necessary procedures, equipment, tools, 
and supplies to render your equipment safe should be in place 
prior to undertaking the investigation. Precautions should 
also be in place to dispose of the tools safely should they be 
incapable of being rendered safe. 


Chapter 11 Sources of Information 


11.1* General. 


11.1.1 Purpose of Obtaining Information. The thorough fire 
investigation always involves the examination of the fire scene, 
either by visiting the actual scene or by evaluating the prior 
documentation of that scene. 

By necessity, the thorough fire investigation also encom- 
passes interviewing and the research and analysis of other 
sources of information. These activities are not a substitute for 
the fire scene examination. They are a complement to it. 

Examining the fire scene, interviewing, and conducting 
research and analysis of other sources of information all pro- 
vide the fire investigator with an opportunity to establish the 
origin, cause, and responsibility for a particular fire. 


11.1.2 Reliability of Information Obtained. Generally, any 
information solicited or received by the fire investigator dur- 
ing a fire investigation is only as reliable as the source of that 
information. As such, it is essential that the fire investigator 
evaluate the accuracy of the information’s source. Certainly, 
no information should be considered to be accurate or reli- 
able without such an evaluation of its source. 

This evaluation may be based on many varying factors 
depending on the type and form of information. These factors 
may include the fire investigator’s common sense, the fire 
investigator’s personal knowledge and experience, the infor- 
mation source’s reputation, or the source’s particular interest 
in the results of the fire investigation. 


11.2 Legal Considerations. 


11.2.1 Freedom of Information Act. The Freedom of Infor- 
mation Act provides for making information held by federal 
agencies available to the public unless it is specifically 
exempted from such disclosure by law. Most agencies of the 
federal government have implemented procedures designed 
to comply with the provisions of the act. These procedures 
inform the public where specific sources of information are 
available and what appeal rights are available to the public if 
requested information is not disclosed. 

Like the federal government, most states have also enacted 
similar laws that provide the public with the opportunity to 
access sources of information concerning government opera- 
tions and their work products. The fire investigator is cau- 
tioned, however, that the provisions of such state laws may vary 
greatly from state to state. 
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11.2.2 Privileged Communications. Privileged communica- 
tions are those statements made by certain persons within a pro- 
tected relationship such as husband-wife, attorney-client, priest- 
penitent, and the like. Such communications are protected by 
law from forced disclosure on the witness stand at the option of 
the witness spouse, client, or penitent. 


Privileged communications are generally defined by state 
law. As such, the fire investigator is cautioned that the provi- 
sions of such laws may vary greatly from state to state. 


11.2.3 Confidential Communications. Closely related to priv- 
ileged communications, confidential communications are 
those statements made under circumstances showing that the 
speaker intended the statements only for the ears of the per- 
son addressed. 


11.3 Forms of Information. Sources of information will pre- 
sent themselves in differing forms. Generally, information is 
available to the fire investigator in four forms: verbal, written, 
visual, and electronic. 


11.3.1 Verbal Information. Verbal sources of information, by 
definition, are limited to the spoken word. Such sources, 
which may be encountered by the fire investigator, may 
include, but are not limited to, verbal statements during inter- 
views, telephone conversations, tape recordings, radio trans- 
missions, commercial radio broadcasts, and the like. 


11.3.2 Written Information. Written sources of information 
are likely to be encountered by the fire investigator during all 
stages of an investigation. Such sources may include, but are 
not limited to, written reports, written documents, reference 
materials, newspapers, and the like. 


11.3.3 Visual Information. Visual sources of information, by 
definition, are limited to those that are gathered utilizing the 
sense of sight. Beginning first with the advent of still photogra- 
phy, such sources may include, but are not limited to, photo- 
graphs, videotapes, motion pictures, and computer-generated 
animations. 


11.3.4 Electronic Information. Computers have become an 
integral part of modern information and data systems. As 
such, the computer system maintained by any particular 
source of information may provide a wealth of information rel- 
evant to the fire investigation. 


11.4 Interviews. 


11.4.1 Purpose of Interviews. The purpose of any interview 
is to gather both useful and accurate information. Witnesses 
can provide such information about the fire and explosion 
incident even if they were not eyewitnesses to the incident. 


A fire or explosion investigation is a complex endeavor 
involving both art and science. The compilation of factual data, 
as well as an analysis of those facts, should be accomplished 
objectively and truthfully. The basic methodology of the fire 
investigation should rely on the use of a systematic approach 
and on attention to all relevant details. The use of a systematic 
approach often will uncover new factual data for analysis, 
which may require previous conclusions to be re-evaluated. 
With a few exceptions, the proper methodology for a fire or 
explosion investigation is first to determine and establish the 
origin(s), then to investigate the cause: What circumstances, 
conditions, or agencies caused the ignition source, fuel, and 
oxidant to come together? 
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11.4.2 Types of Interviews. Interviews can generally be cat- 
egorized into three different types. These include interviews 
with those you can approach with an attitude of trust, inter- 
views with those you should approach with caution, and 
interviews with those you should approach with an attitude 
of distrust. 


11.4.3 Preparation for the Interview. The fire investigator 
should be thoroughly prepared prior to conducting any type 
of interview, especially if the investigator intends to solicit rel- 
evant and useful information. The most important aspect of 
this preparation is a thorough understanding of all facets of 
the investigation. 

The fire investigator should also carefully plan the setting 
of the interview, that is, when and where the interview will be 
held. Although the time that the interview is conducted may 
be determined by a variety of factors, the interview should gen- 
erally be conducted as soon as possible after the fire or explo- 
sion incident. A timely interview will ensure an accurate 
recollection of the incident by the witness. 

It may be helpful to the investigator to conduct preliminary 
interviews before the fire scene examination commences, 
although there are many instances when this may be impractical. 

The interviewer and the person being interviewed should 
be properly identified. The interview should, therefore, begin 
with the proper identification of the person conducting the 
interview. The date, time, and location of the interview, as well 
as any witnesses to it, should be documented. 

The person being interviewed should also be completely and 
positively identified. Positive identification may include the per- 
son’s full name, date of birth, Social Security number, driver’s 
license number, physical description, home address, home tele- 
phone number, place of employment, business address, busi- 
ness telephone number, or other information that may be 
deemed pertinent to establish positive identification. 

Lastly, the fire investigator should also establish a flexible 
plan or outline for the interview. 


11.4.4 Interviews with Those You Can Approach with an Atti- 
tude of Trust. This type of interview involves those persons 
whose information can be substantially considered as reliable. 
Such persons may include, but are not limited to, government 
officials, representatives of financial institutions, citizen wit- 
nesses, and others who have no specific interest in the results 
of the investigation. 

Generally, when preparing to conduct this type of interview, 
the fire investigator may want to make an appointment to estab- 
lish a comfortable and cooperative mood. The setting of the 
interview is not of great importance and, in fact, the interview 
may be best conducted at the home or office of the person 
being interviewed to maintain that comfortable and coopera- 
tive mood. During the interview itself, the fire investigator 
should use a flexible checklist to ensure that all necessary infor- 
mation is solicited from the person being interviewed. 


11.4.5 Interviews with Those You Should Approach with Cau- 
tion. This type of interview involves those persons whose 
information may or may not be considered reliable. Such per- 
sons include those who may potentially have a specific interest 
in the results of the investigation. As such, the fire investigator 
should be certain to verify the validity of any information solic- 
ited during this type of interview. Generally, when preparing 
to conduct this type of interview, the fire investigator should 
not make an appointment. This prevents the person being 
interviewed from preparing responses to inquiries that may be 
made during the interview. The setting of the interview 


becomes more important and, in fact, the fire investigator may 
wish to conduct the interview in a location where the person 
being interviewed may not feel so comfortable. Like the previ- 
ous type of interview, the fire investigator should use a flexible 
checklist to ensure that all necessary information is solicited 
from the person being interviewed. 


11.4.6 Interviews with Those You Should Approach with an 
Attitude of Distrust. This type of interview involves those per- 
sons whose information should be considered as unreliable 
unless substantially verified. Such persons include those who 
have an obvious or documented specific interest in the results 
of the investigation such as the suspect(s) in an incendiary fire 
investigation. 

Generally, when preparing to conduct this type of investi- 
gation, the fire investigator should not make an appointment. 
This prevents the person being interviewed from preparing 
responses to inquiries that may be made during the interview. 
The setting of the interview becomes extremely important 
and, in fact, the fire investigator should conduct the interview 
in a location where the investigator feels comfortable. And, 
like the previous types of interviews, the fire investigator 
should use a flexible checklist to ensure that all necessary 
information is solicited from the person being interviewed. 


11.4.7 Documenting the Interview. All interviews, regardless 
of their type, should be documented. Tape recording the 
interview or taking written notes during the interview are two 
of the most common methods of documenting the interview. 
Both of these methods, however, often tend to distract or 
annoy the person being interviewed, resulting in some infor- 
mation not being solicited from them. An alternative method 
used to document interviews can be accomplished through 
the use of visual taping. All taping must be done in accordance 
with applicable laws and regulations. The investigator should 
obtain signed written statements from as many witnesses as 
possible to enhance their admissibility in court. 


11.5 Governmental Sources of Information. 
11.5.1 Municipal Government. 


11.5.1.1 Municipal Clerk. The municipal clerk maintains pub- 
lic records regarding municipal licensing and general munic- 
ipal business. 


11.5.1.2 Municipal Assessor. The municipal assessor main- 
tains public records regarding plats or maps of real property, 
including dimensions, addresses, owners, and taxable value of 
the real property and any improvements. 


11.5.1.3 Municipal Treasurer. The municipal treasurer main- 
tains public records regarding names and addresses of prop- 
erty owners, names and addresses of taxpayers, legal 
descriptions of property, amount of taxes paid or owed on real 
and personal property, and former owners of the property. 


11.5.1.4 Municipal Street Department. The municipal street 
department maintains public records regarding maps of the 
streets; maps showing the locations of conduits, drains, sewers, 
utility conduits; correct street numbers; old names of streets; 
abandoned streets and rights-of-way; and alleys, easements, 
and rights-of-way. 

11.5.1.5 Municipal Building Department. The municipal build- 
ing department maintains public records regarding building 
permits, electrical permits, plumbing permits, blueprints, and 
diagrams showing construction details and records of various 
municipal inspectors. 
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11.5.1.6 Municipal Health Department. The municipal health 
department maintains public records regarding birth certifi- 
cates, death certificates, records of investigations related to 
pollution and other health hazards, and records of health 
inspectors. 


11.5.1.7 Municipal Board of Education. The municipal board 
of education maintains public records regarding all aspects of 
the public school system. 


11.5.1.8 Municipal Police Department. The municipal police 
department maintains public records regarding local crimi- 
nal investigations and other aspects of the activities of that 
department. 


11.5.1.9 Municipal Fire Department. The municipal fire depart- 
ment maintains public records regarding fire incident reports, 
emergency medical incident reports, records of fire inspections, 
and other aspects of the activities of that department. 


11.5.1.10 Other Municipal Agencies. Many other offices, 
departments, and agencies typically exist at the municipal 
level of government. The fire investigator may encounter 
different governmental structuring in each municipality. As 
such, the fire investigator may need to solicit information 
from these additional sources. 


11.5.2 County Government. 


11.5.2.1 County Recorder. The county recorder’s office 
maintains public records regarding documents relating to real 
estate transactions, mortgages, certificates of marriage and 
marriage contracts, divorces, wills admitted to probate, official 
bonds, notices of mechanics’ liens, birth certificates, death 
certificates, papers in connection with bankruptcy, and other 
such writings as are required or permitted by law. 


11.5.2.2 County Clerk. The county clerk maintains public 
records regarding naturalization records, civil litigation records, 
probate records, criminal litigation records, and records of gen- 
eral county business. 


11.5.2.3 County Assessor. The county assessor maintains 
public records such as plats or maps of real property in the 
county, which include dimensions, addresses, owners, and tax- 
able value. 


11.5.2.4 County Treasurer. The county treasurer maintains 
public records regarding names and addresses of property 
owners, names and addresses of taxpayers, legal descriptions 
of property, amounts of taxes paid or owed on real and per- 
sonal property, and all county fiscal transactions. 


11.5.2.5 County Coroner/Medical Examiner. The county 
coroner/medical examiner maintains public records regard- 
ing the names or descriptions of the deceased, dates of 
inquests, property found on the deceased, causes and man- 
ners of death, and documents regarding the disposition of 
the deceased. 


11.5.2.6 County Sheriff’s Department. The county sheriff's 
department maintains public records regarding county crimi- 
nal investigations and other aspects of the activities of that 
department. 


11.5.2.7 Other County Agencies. Many other offices, depart- 
ments, and agencies typically exist at the county level of gov- 
ernment. The fire investigator may encounter different 
governmental structuring in each county. As such, the fire 
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investigator may need to solicit information from these addi- 
tional sources. 


11.5.3 State Government. 


11.5.3.1 Secretary of State. The secretary of state maintains 
public records regarding charters and annual reports of cor- 
porations, annexations, and charter ordinances of towns, vil- 
lages, and cities; trade names and trademarks registration; 
notary public records; and Uniform Commercial Code (UCC) 
statements. 


11.5.3.2 State Treasurer. The state treasurer maintains pub- 
lic records regarding all state fiscal transactions. 


11.5.3.3 State Department of Vital Statistics. The state depart- 
ment of vital statistics maintains public records regarding 
births, deaths, and marriages. 


11.5.3.4 State Department of Revenue. The state depart- 
ment of revenue maintains public records regarding individ- 
ual state tax returns; corporate state tax returns; and past, 
present, and pending investigations. 


11.5.3.5 State Department of Regulation. The state depart- 
ment of regulation maintains public records regarding names 
of professional occupation license holders and their back- 
grounds; results of licensing examinations; consumer com- 
plaints; past, present, or pending investigations; and the 
annual reports of charitable organizations. 


11.5.3.6 State Department of Transportation. The state depart- 
ment of transportation maintains public records regarding 
highway construction and improvement projects, motor vehicle 
accident information, motor vehicle registrations, and driver’s 
license testing and registration. 


11.5.3.7 State Department of Natural Resources. The state 
department of natural resources maintains public records 
regarding fish and game regulations, fishing and hunting 
license data, recreational vehicles license data, waste disposal 
regulation, and environmental protection regulation. 


11.5.3.8 State Insurance Commissioner’s Office. The state 
insurance commissioner’s office maintains public records 
regarding insurance companies licensed to transact business 
in the state; licensed insurance agents; consumer complaints; 
and records of past, present, or pending investigations. 


11.5.3.9 State Police. The state police maintain public 
records regarding state criminal investigations and other 
aspects of the activities of that agency. 


11.5.3.10 State Fire Marshal’s Office. The state fire mar- 
shal’s office maintains public records regarding fire inspec- 
tion and prevention activities, fire incident databases, and fire 
investigation activities. 


11.5.3.11 Other State Agencies. Many other offices, depart- 
ments, and agencies typically exist at the state level of govern- 
ment. The fire investigator may encounter different government 
structuring in each state. As such, the fire investigator may need 
to solicit information from these additional sources. 


11.5.4 Federal Government. 


11.5.4.1 Department of Agriculture. Under this department, 
the Food Stamps and Nutrition Services Agency maintains 
public records regarding food stamps and their issuance. 


SOURCES OF INFORMATION 


921-91 


The Consumer and Marketing Service maintains public 
records regarding meat inspection, meat packers and stock- 
yards, poultry inspection, and dairy product inspection. 

The U.S. Forest Service maintains public records regarding 
forestry and mining activities. 

The investigative activities of the Department of Agricul- 
ture are contained in the Office of the Inspector General. The 
investigative area of the Secretary of Agriculture is the Office 
of Investigations. 


11.5.4.2 Department of Commerce. Under this department, 
the Bureau of Public Roads maintains public records regard- 
ing all highway programs in which federal assistance was given. 

The National Marine Fisheries Service maintains public 
records regarding the names, addresses, and registration of all 
ships fishing in local waters. 

The Commercial Intelligence Division Office maintains 
public records regarding trade lists, trade contract surveys, 
and world trade directory reports. 

The U.S. Patent Office maintains public records regarding 
all patents issued in the United States, as well as a roster of 
attorneys and agents registered to practice before that office. 

The Trade Mission Division maintains public records 
regarding information on members of trade missions. 

The investigative activities of the Department of Commerce 
are contained in the Office of Investigations and Security. 


11.5.4.3 Department of Defense. The Department of Defense 
oversees all of the military branches of the armed services 
including the Army, the Navy, the Marine Corps, the Air Force, 
and the Coast Guard. Each of these branches of the military 
maintains public records regarding its activities and personnel. 
Each of these branches has offices that conduct criminal inves- 
tigations within its specific branch of armed service. 


11.5.4.4 Department of Health and Human Services. Under 
this department, the Food and Drug Administration main- 
tains public records regarding its enforcement of federal laws 
under its jurisdiction. 

The Social Security Administration maintains public 
records with regard to its activities. 

The investigative activities of the Department of Health 
and Human Services are contained in the Office of Security 
and Investigations. 


11.5.4.5 Department of Housing and Urban Development. The 
Department of Housing and Urban Development maintains 
public records regarding all public housing programs in 
which federal assistance has been given. The investigative 
activities of the Department of Housing and Urban Develop- 
ment are contained in the compliance division. 


11.5.4.6 Department of the Interior. Under this department, 
the Fish and Wildlife Service maintains public records regard- 
ing violations of federal laws related to fish and game. 

The Bureau of Indian Affairs maintains public records 
regarding censuses of Indian reservations, names, degree of 
Indian blood, tribe, family background, and current addresses 
of all Indians, especially those residing on federal Indian res- 
ervations. 

The National Park Service maintains public records regard- 
ing all federally owned or federally maintained parks and lands. 

Each division of the Department of Interior has its own 
investigative office. 


11.5.4.7 Department of Labor. Under this department, the 
Labor Management Services Administration maintains public 
records regarding information on labor and management 
organizations and their officials. 

The Employment Standards Administration maintains pub- 
lic records regarding federal laws related to minimum wage, 
overtime standards, equal pay, and age discrimination in 
employment. 

The investigative activities of the Department of Labor are 
contained in the Labor Pension Reports Office Division. 


11.5.4.8 Department of State. The Department of State main- 
tains public records regarding passports, visas, and import/ 
export licenses. 

The investigative activities of the Department of State are 
contained in the Visa Office. 


11.5.4.9 Department of Transportation. Under this depart- 
ment, the Environmental Safety and Consumer Affairs Office 
maintains public records regarding its programs to protect the 
environment, to enhance the safety and security of passengers 
and cargo in domestic and international transport, and to mon- 
itor the transportation of hazardous and dangerous materials. 

The United States Coast Guard maintains public records 
regarding persons serving on U.S. registered ships, vessels 
equipped with permanently installed motors, vessels over 16 ft 
(4.9 m) long equipped with detachable motors, information 
on where and when ships departed or returned from U.S. 
ports, and violations of environmental laws. 


11.5.4.10 Department of the Treasury. Under this depart- 
ment, the Bureau of Alcohol, Tobacco, and Firearms main- 
tains public records regarding distillers, brewers, and persons 
or firms that manufacture or handle alcohol; retail liquor 
dealers; manufacturers and distributors of tobacco products; 
firearms registration; federal firearms license holders, includ- 
ing manufacturers, importers, and dealers; federal explosive 
license holders, including manufacturers, importers, and 
dealers; and the origin of all firearms manufactured and 
imported after 1968. 

The U.S. Customs Service maintains public records regard- 
ing importers; exporters; customhouse brokers; customhouse 
truckers; and the registry, enrollment, and licensing of vessels 
not licensed by the Coast Guard or the United States that 
transport goods to and from the United States. 

The Internal Revenue Service maintains public records 
regarding compliance with all federal tax laws. 

The U.S. Secret Service maintains public records regarding 
counterfeiting and forgery of U.S. coins and currencies and 
records of all threats on the life of the president and his imme- 
diate family, the vice president, former presidents and their 
wives, wives of deceased presidents, children of deceased pres- 
idents until age sixteen, president- and vice president-elect, 
major candidates for the office of president and vice presi- 
dent, and heads of states representing foreign countries visit- 
ing in the United States. 


11.5.4.11 Department of Justice. Under this department, the 
Antitrust Division maintains public records regarding federal 
sources of information relating to antitrust matters. 

The Civil Rights Division maintains public records regard- 
ing its enforcement of all federal civil rights laws that prohibit 
discrimination on the basis of race, color, religion, or national 
origin in the areas of education, employment, and housing, 
and the use of public facilities and public accommodations. 
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The Criminal Division maintains public records regarding 
its enforcement of all federal criminal laws except those specif- 
ically assigned to the Antitrust, Civil Rights, or Tax Divisions. 

The Drug Enforcement Administration maintains public 
records regarding all licensed handlers of narcotics, the legal 
trade of narcotics and dangerous drugs, and its enforcement 
of federal laws relating to narcotics and other drugs. 

The Federal Bureau of Investigation maintains public 
records regarding criminal records, fingerprints, and its 
enforcement of federal criminal laws. 

The Immigration and Naturalization Service maintains 
public records regarding immigrants, aliens, passengers and 
crews on vessels from foreign ports, naturalization records, 
deportation proceedings, and the financial statements of 
aliens and persons sponsoring their entry into the United 
States. 


11.5.4.12 U.S. Postal Service. The U.S. Postal Service main- 
tains public records regarding all of its activities. The investi- 
gative activities of the U.S. Postal Service are contained in the 
Office of the Postal Inspector. 


11.5.4.13 Department of Energy. The Department of Energy 
is an executive department of the U.S. government that works 
to meet the nation’s energy needs. The department develops 
and coordinates national energy policies and programs. It pro- 
motes conservation of fuel and electricity. It also conducts 
research to develop new energy sources and more efficient 
ways to use present supplies. The secretary of energy, a mem- 
ber of the president’s cabinet, heads the department. 


11.5.4.14 United States Fire Administration. The United 
States Fire Administration maintains an extensive database of 
information related to fire incidents through its administra- 
tion of the National Fire Incident Reporting System (NFIRS). 

In addition, the administration maintains records of ongo- 
ing research in fire investigation, information regarding arson 
awareness programs, and technical and reference materials 
focusing on fire investigation, and it coordinates the distribu- 
tion of the Arson Information Management System (AIMS) 
software. 


11.5.4.15 National Oceanic and Atmospheric Administration. 
Weather data, past or present, for all reporting stations in the 
United States are available from the National Climatic Data 
Center in Asheville, NC. Local NOAA weather stations can 
provide data for their areas. 


11.5.4.16 Other Federal Agencies. There is a variety of other 
federal agencies and commissions that are part of the federal 
level of government. These federal agencies and commissions 
all maintain a variety of public records. As such, the fire inves- 
tigator may need to solicit information from these additional 
sources. The U.S. Senate Committee on Government Opera- 
tions publishes a handy reference entitled Chart of the Organi- 
zation of Federal Executive Departments and Agencies. This chart 
provides the exact name of an office, division, or bureau, and 
the place it occupies in the organizational structure in a 
department or agency. With this reference, it should not be 
difficult for the fire investigator to determine the jurisdiction 
of a federal government agency or commission. 


11.6 Private Sources of Information. 


11.6.1 NFPA (National Fire Protection Association). NFPA 
was organized in 1896 to promote the science of and improve 
the methods of fire protection and prevention, to obtain and 
circulate information on these subjects, and to secure the 
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cooperation of its members in establishing proper safeguards 
against loss of life and property. NFPA is an international, 
charitable, technical, and educational organization. 

NFPA is responsible for the development and distribution 
of the National Fire Codes®. In addition to these, NFPA has 
developed and distributed a wealth of technical information, 
much of which is of significant interest to the fire investigator. 


11.6.2 Society of Fire Protection Engineers (SFPE). Organized 
in 1950, the Society of Fire Protection Engineers is a profes- 
sional organization for engineers involved in the multifaceted 
field of fire protection. The society works to advance fire pro- 
tection engineering and its allied fields, to maintain a high 
ethical standard among its members, and to foster fire protec- 
tion engineering education. 


11.6.3 American Society for Testing and Materials (ASTM). 
The American Society for Testing and Materials, founded in 
1898, is a scientific and technical organization formed for “the 
development of standards on characteristics and performance 
of materials, products, systems, and services, and the promo- 
tion of related knowledge.” It is the world’s largest source of 
voluntary consensus standards. 

Many of these standards focus on acceptable test methods 
for conducting a variety of fire-related tests often requested by 
fire investigators. Those standards that outline fire tests are 
discussed in Chapter 14 of this document. 


11.6.4 National Association of Fire Investigators (NAFI). The 
National Association of Fire Investigators was organized in 
1961. Its primary purposes are to increase the knowledge of 
and improve the skills of persons engaged in the investigation 
and analysis of fires and explosions, or in the litigation that 
ensues from such investigations. 

The Association also originated and implemented the 
National Certification Board. Each year, the board certifies 
fire and explosion investigators and fire investigation instruc- 
tors. Through this program, those certified are recognized for 
their knowledge, training, and experience and accepted for 
their expertise. 


11.6.5 International Association of Arson Investigators 
(IAAI). The International Association of Arson Investigators 
was founded in 1949 by a group of public and private officials 
to address fire and arson issues. The purpose of the associa- 
tion is to strive to control arson and other related crimes, 
through education and training, in addition to providing basic 
and advanced fire investigator training. The IAAI has chapters 
located throughout the world. 

In addition to an annual seminar, there are also regional 
seminars focusing on fire investigator training and education. 
The Association publishes the Fire and Arson Investigator, a 
quarterly magazine. The IAAI offers a written examination for 
investigators meeting IAAT minimum qualifications to become 
an IAAI-certified fire investigator (CFI). 


11.6.6 Regional Fire Investigations Organizations. In addi- 
tion to the National Association of Fire Investigators, the Inter- 
national Association of Arson Investigators, and its state 
chapters, many regional fire investigation organizations exist. 
These organizations generally exist as state or local fire/arson 
task forces, professional societies or groups of fire investiga- 
tors, or mutual aid fire investigation teams. 


11.6.7 Real Estate Industry. The real estate industry main- 
tains certain records that may prove beneficial to the fire inves- 
tigator during the investigation. Besides records of persons 
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and businesses that are selling or purchasing property, real 
estate offices often maintain extensive libraries of photo- 
graphs of homes and businesses located in their sales territory. 
These photographs may be of interest to the fire investigator. 


11.6.8 Abstract and Title Companies. Abstract and title com- 
panies are another valuable source of information. Records 
maintained by such companies include maps and tract books; 
escrow indexes of purchasers and sellers of real estate; escrow 
files containing escrow instructions, agreements, and settle- 
ments; and abstract and title policies. 


11.6.9 Financial Institutions. Financial institutions, includ- 
ing banks, savings and loan associations, brokers, transfer 
agents, dividend disbursing agents, and commercial lending 
services, all maintain records that serve as sources of valuable 
information. Besides the financial information about a partic- 
ular person or business, the records of financial institutions 
contain other information about all facets of a person’s life or 
a business’s history. 


11.6.10 Insurance Industry. The insurance industry certainly 
has an interest in the results of most fire and explosion inci- 
dents. The industry’s primary interest in such investigations is 
the detection of the crime of arson and other fraud offenses. 
The insurance industry can, however, also provide the fire 
investigator with a diverse amount of information concerning 
the structure involved or vehicle and the person(s) who have 
insured it. (See Section 9.5.) 

The insurance industry also funds the Property Insurance 
Loss Register (PILR), which receives reports of property losses 
through fire, burglaries, and thefts. It is a computerized index 
of the insurance companies that paid the claims, the person to 
whom the claim was paid, the type of claim, and the like. It can 
serve as a valuable source of information to the fire investigator. 


11.6.11 Educational Institutions. Educational institutions 
are not often considered as a source of information by fire inves- 
tigators. The records maintained by such institutions can, how- 
ever, provide an insight into a person’s background and 
interests. 


11.6.12 Utility Companies. During the normal course of 
business, utility companies maintain extensive databases, par- 
ticularly concerning their customers. The fire investigator 
should not overlook that these companies, whether publicly 
owned or private, also maintain records concerning the qual- 
ity of and problems associated with the distribution of their 
products or services. 


11.6.13 Trade Organizations. Trade organizations are often 
one of the most valuable sources of information available to 
the fire investigator. These organizations promote the inter- 
est of many of the prominent trades. Their value to the fire 
investigator is that each organization focuses on a specific 
trade or discipline. As such, they often function as clearing- 
houses for knowledge in their area of expertise. Besides this 
expertise, most trade organizations develop and distribute 
publications that serve as important reference materials to 
the fire investigator. 


11.6.14 Local Television Stations. Local TV stations often 
send camera crews to newsworthy fires. Copies of their video- 
tape coverage may be obtained, if still available. TV stations 
also have records of the weather in the area and often have 
limited data from local amateur weather watchers from areas 
away from the airports. 


11.6.15 Lightning Detection Networks. Lightning detection 
networks exist that may assist in the establishing of the time 
and location [to within 500 m (1640.4 ft) ] ofa lightning strike. 
Historical data is also available, including reports of any light- 
ning strikes detected within a specified time prior to a fire. 


11.6.16 Other Private Sources. There are a variety of other 
private sources of information. These private sources all main- 
tain a variety of records. As such, the fire investigator may 
need to solicit information from these additional sources. 


11.7 Conclusion. The number and diversity of governmental 
and private sources of information for the fire investigator is 
unlimited. While not a comprehensive listing, by any means, 
those sources of information enumerated in this chapter 
should provide the fire investigator with a realization that his 
or her ability to solicit information pertinent to a particular 
fire investigator is also unlimited. 


Chapter 12 Planning the Investigation 


12.1 Introduction. The intent of this chapter is to identify 
basic considerations of concern to the investigator prior to 
beginning the incident scene investigation. 

Regardless of the number of people involved, the need to 
preplan investigations remains constant. Considerations for 
determining the number of investigators assigned include 
budgetary constraints, available staffing, complexity, loss of 
life, and size of the scene to be investigated. 

The person responsible for the investigation of the inci- 
dent should identify the resources at his or her disposal and 
those available from outside sources before those resources 
are needed. It is his or her responsibility to acquire additional 
resources as needed. Assistance can be gained from local or 
state building officials, universities and state colleges, and 
numerous other public and private agencies. 

The “team concept” of investigating an incident is recom- 
mended. It is understood that at many incident scenes, the 
investigator may have to photograph, sketch the scene, collect 
evidence, interview, and be responsible for the entire scene 
investigation without other assistance. These functions and oth- 
ers described in this document should be performed regardless 
of the number of people involved with the investigation. 


12.2 Basic Incident Information. Prior to beginning the inci- 
dent scene investigation, numerous events, facts, and circum- 
stances should be identified. Accuracy is important, since a 
mistake at this point could jeopardize the subsequent investi- 
gation results. 


12.2.1 Location. The investigator, once notified of an inci- 
dent, should obtain as much background information as pos- 
sible relative to the incident from the notifier. If the travel 
distance is great, arrangements may be required to transport 
the investigation team to the incident scene. 

The location of the incident may also dictate the need for 
specialized equipment and facilities. (See 12.4.1.) 


12.2.2 Date and Time of Incident. The investigator should 
accurately determine the day, date, and time of the incident. 
The age of the scene may have an effect on the planning of the 
investigation. The greater the delay between the incident and 
the investigation, the more important it becomes to review 
pre-existing documentation and information such as incident 
reports, photographs, building plans, and diagrams. 
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12.2.3 Weather Conditions. Weather at the time of the inves- 
tigation may necessitate the need for special clothing and 
equipment. Weather may also determine the amount of time 
the team members can work an incident scene. Extreme 
weather may also require that greater safety precautions be 
taken on behalf of the team members, for example, when the 
weight of snow on a structure weakens it. 

Weather conditions such as wind direction and velocity, 
temperature, and rain during a fire should be noted because 
all can have an effect on the ignition and fire spread. 


12.2.4 Size and Complexity of Incident. The size and complex- 
ity of the incident scene may suggest the need for assistance for 
the investigator. A large incident scene area may create commu- 
nication problems for investigators, and arrangements for effi- 
cient communications should be made. 

The size and complexity of the scene will also affect the 
length of the investigation, and preparations may be needed 
for housing and feeding the team members. Generally, the 
larger the incident scene, the greater the length of time 
required to conduct the investigation. 


12.2.5 Type and Use of Structure. The investigator should 
identify the type and use of the incident structure. The use or 
occupancy of the structure (e.g., industrial plant, chemical 
processing plant, storage warehouse, nuclear facility, or radio- 
logical waste storage) may necessitate special containment of 
debris, contamination, or radiation, including water run-off at 
the scene. Additionally, appropriate hazardous materials or 
contamination clothing, breathing apparatus, and other pro- 
tective devices and equipment may be necessary to ensure 
safety at the incident scene. Conditions at certain scenes may 
be so hazardous that the investigators should work within 
monitored stay times. 

Knowledge of the type of construction and construction 
materials will provide the investigator with valuable back- 
ground information and allow anticipation of circumstances 
and problems to be encountered by the investigation team. 


12.2.6 Nature and Extent of Damage. Information on the 
condition of the scene may alert the investigator to special 
requirements for the investigation, such as utility testing 
equipment, specialized expertise, additional staffing, and spe- 
cial safety equipment. The investigator may be operating 
under time constraints and should plan accordingly. 


12.2.7 Security of Scene. The investigator should promptly 
determine the identity of the individual, authority, or entity 
that has possession or control of the scene. Right of access and 
means of access should be established. 

Scene security is a consideration. If possible, arrangements 
should be made to preserve the scene until the arrival of the 
investigator (s). If this is not possible, arrangements should be 
made to photograph and document existing conditions prior 
to disturbance or demolition. 


12.2.8 Purpose of Investigation. While planning the investi- 
gation, the investigator should remain aware of his or her role, 
scope, and areas of responsibility. Numerous investigators may 
be involved from both the private and public sectors. Mutual 
respect and cooperation in the investigation is required. 


12.3 Organizing the Investigation Functions. There are basic 
functions that are commonly performed in each investigation. 
These are the leadership/coordinating function; photogra- 
phy, note taking, mapping, and diagramming (see Chapter 13); 
interviewing witnesses (see Chapter 11); searching the scene (see 
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Chapter 15); evidence collection and preservation (see Chapter 
14); and safety assessment (see Chapter 10). 

In addition, specialized expertise in such fields as electri- 
cal, heating and air conditioning, or other engineering fields 
is often needed. The investigator should, if possible, fulfill 
these functions with the personnel available. In assigning 
functions, those special talents or training that individual 
members possess should be utilized. 


12.4 Preinvestigation Team Meeting. If the investigator has 
established a team, a meeting should take place prior to the 
on-scene investigation. The team leader or investigator should 
address questions of jurisdictional boundaries and assign spe- 
cific responsibilities to the team members. Personnel should 
be advised of the condition of the scene and the safety precau- 
tions required. 


12.4.1 Equipment and Facilities. Each person on the fire scene 
should be equipped with appropriate safety equipment, as 
required. A complement of basic tools should also be available. 
The tools and equipment listed below may not be needed on 
every scene, but in planning the investigation, the investigator 
should know where to obtain these tools and equipment if the 
investigator does not carry them. 
Personal Safety Equipment 

Eye protection 

Flashlight 

Gloves 

Helmet or hard hat 

Respiratory protection (type depending on exposure) 

Safety boots or shoes 

Turnout gear or coveralls 


Tools and Equipment 

Absorption material 

Axe 

Broom 

Camera and film (See 13.2.2.1 and 13.2.2.2 for recommen- 
dations. ) 

Claw hammer 

Directional compass 

Evidence-collecting container (See Section 14.5 for recom- 
mendations. ) 

Evidence labels (sticky) 

Hand towels 

Hatchet 

Hydrocarbon detector 

Ladder 

Lighting 

Magnet 

Marking pens 

Paint brushes 

Paper towels/wiping cloths 

Pen knife 

Pliers/wire cutters 

Pry bar 

Rake 

Rope 

Rulers 

Saw 

Screwdrivers (multiple types) 

Shovel 
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Sieve 

Soap and hand cleaner 
Styrofoam cups 

Tape measure 

Tape recorder 

Tongs 

Tweezers 

Twine 
Voltmeter/ohmmeter 
Water 
Writing/drawing equipment 


12.5 Specialized Personnel and Technical Consultants. In 
planning a fire investigation, specialized personnel may be 
needed to provide technical assistance. There are many differ- 
ent facets to fire investigation. If unfamiliar with a particular 
aspect, the investigator should never hesitate to call in another 
fire investigative expert who has more knowledge or experi- 
ence in a particular aspect of the investigation. For example, 
there are some experts who specialize in explosions. 

Sources for these specialized personnel/experts include 
colleges or universities, government agencies (federal, state, 
and local), societies or trade groups, consulting firms, and 
others. When bringing in specialized personnel, it is impor- 
tant to remember that conflict of interest should be avoided. 
Identification of special personnel in advance is recom- 
mended. The following paragraphs list examples of profes- 
sional or specific engineering and scientific disciplines, along 
with areas where these personnel may help the fire investiga- 
tor. This section is not intended to list all sources for these spe- 
cialized personnel and technical consultants. 

It should be kept in mind that fire investigation is a special- 
ized field. Those individuals not specifically trained and expe- 
rienced in the discipline of fire investigation and analysis, even 
though they may be expert in related fields, may not be well 
qualified to render opinions regarding fire origin and cause. 
In order to offer origin and cause opinions, additional train- 
ing or experience is generally necessary. 

The following descriptions are general and do not imply 
that the presence or absence of a referenced area of training 
affects the qualifications of a particular specialist. 


12.5.1 Materials Engineer or Scientist. A person in this field 
can provide specialized knowledge about how materials react 
to different conditions, including heat and fire. In the case of 
metals, someone with a metallurgical background may be able 
to answer questions about corrosion, stress, failure or fatigue, 
heating, or melting. A polymer scientist or chemist may offer 
assistance regarding how plastics react to heat and other con- 
ditions present during a fire and regarding the combustion 
and flammability properties of plastics. 


12.5.2 Mechanical Engineer. A mechanical engineer may be 
needed to analyze complex mechanical systems or equipment, 
including heating, ventilation, and air conditioning (HVAC) 
systems, especially how these systems may have affected the 
movement of smoke within a building. The mechanical engi- 
neer may also be able to perform strength-of-material tests. 


12.5.3 Electrical Engineer. An electrical engineer may pro- 
vide information regarding building fire alarm systems, 
energy systems, power supplies, or other electrical systems or 
components. An electrical engineer may assist by quantifying 
the normal operating parameters of a particular system and 
determining failure modes. 


12.5.4 Chemical Engineer/Chemist. A chemical engineer 
has education in chemical processes, fluid dynamics, and heat 
transfer. When a fire involves chemicals, a chemical process, 
or a chemical plant, the chemical engineer may help the inves- 
tigator identify and analyze possible failure modes. 

A chemist has extensive education in the identification and 
analysis of chemicals and may be used by the investigator in 
identifying a particular substance found at a fire scene. The 
chemist may be able to test a substance to determine its chem- 
ical and physical reaction to heat. When there are concerns 
about toxicity or the human reaction to chemicals or chemical 
decomposition products, a chemist, biochemist, or microbiol- 
ogist should be consulted by the investigator. 


12.5.5 Fire Science and Engineering. Within the field of fire 
science and engineering, there are a number of areas of spe- 
cial expertise that can provide advice and assistance to the 
investigator. 


12.5.5.1 Fire Protection Engineer. Fire protection engineer- 
ing encompasses all the traditional engineering disciplines in 
the science and technology of fire and explosions. The fire 
protection engineer deals with the relationship of ignition 
sources to materials in determination of what may have started 
the fire. He or she is also concerned with the dynamics of fire, 
and how it affects various types of materials and structures. 
The fire protection engineer should also have knowledge of 
how fire detection and suppression systems (e.g., smoke detec- 
tors, automatic sprinklers, or halon systems) function and 
should be able to assist in the analysis of how a system may 
have failed to detect or extinguish a fire. The complexity of 
fire often requires the fire protection engineer to use many of 
the other engineering and scientific disciplines to study howa 
fire starts, grows, and goes out. Additionally, a fire protection 
engineer should be able to provide knowledge of building and 
fire codes, fire test methods, fire performance of materials, 
computer modeling of fires, and failure analysis. 


12.5.5.2 Fire Engineering Technologist. Individuals with bach- 
elor of science degrees in fire engineering technology, fire and 
safety engineering technology, or a similar discipline, or recog- 
nized equivalent, typically have studied fire dynamics and fire 
science; fire and arson investigation, fire suppression technol- 
ogy, fire extinguishment tactics, and fire department manage- 
ment; fire protection; fire protection structures and systems 
design; fire prevention; hazardous materials; applied upper- 
level mathematics and computer science; fire-related human 
behavior; safety and loss management; fire and safety codes and 
standards; and fire science research. 


12.5.5.3 Fire Engineering Technician. Individuals with asso- 
ciate of science level degrees in fire and safety engineering 
technology or similar disciplines, or recognized equivalent, 
typically may have studied fire dynamics and fire science; fire 
and arson investigation; fire suppression technology, tactics, 
and management; fire protection; fire protection structures 
and systems design; fire prevention; hazardous materials; 
mathematics and computer science topics; fire-related human 
behavior; safety and loss management; fire and safety codes 
and standards; or fire science research. 


12.5.6 Industry Expert. When the investigation involves a 
specialized industry, piece of equipment, or processing sys- 
tem, an expert in that field may be needed to fully understand 
the processes involved. Experience with the specific fire haz- 
ards involved and the standards or regulations associated with 
the industry and its equipment and processes can provide 
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valuable information to the investigator. Industry experts can 
be found within companies, trade groups, or associations. 


12.5.7 Attorney. An attorney can provide needed legal assis- 
tance with regard to rules of evidence, search and seizure laws, 
gaining access to a fire scene, and obtaining court orders. 


12.5.8 Insurance Agent/Adjuster. An insurance agent or 
adjuster may be able to provide the investigator with informa- 
tion concerning the building and its contents prior to the fire, 
fire protection systems in the building, and the condition of 
those systems. Additional information regarding insurance cov- 
erage and prior losses may be available. 


12.5.9 Canine Teams. Trained canine/handler teams may 
assist investigators in locating areas for collection of samples for 
laboratory analysis to identify the presence of ignitable liquids. 


12.6* Case Management. A method should be employed to 
organize the information generated throughout the investiga- 
tion and to coordinate the efforts of the various people 
involved. This topic of case management is addressed in the 
context of major loss investigations in Chapter 24 of this 
guide. It is also the focus of some of the reference material 
listed at the back of this guide. 


Chapter 13 Recording the Scene 


13.1* Introduction. In recording any fire or explosion scene, 
the investigator’s goal is to record the scene through a 
medium that will allow the investigator to recall his or her 
observations at a later date and to document the conditions at 
the scene. Common methods of accomplishing this goal 
include the use of photographs, videotapes, diagrams, maps, 
overlays, tape recordings, and notes. 

Thorough and accurate recording of the scene is critical 
because it is from this compilation of factual data that investi- 
gative opinions and conclusions will be supported and veri- 
fied. There are a number of resources to assist the investigator 
in recording the scene. 


13.2 Photography. A visual documentation of the fire scene 
can be made using either film or video photography. Images 
can portray the scene better than words. They are the most effi- 
cient reminders of what the investigator saw while at the scene. 
Patterns and items may become evident that were overlooked at 
the time the photographs or videos were made. They can also 
substantiate reports and statements of the investigator. 

Taking a basic photography or video course through a voca- 
tional school, camera club, or camera store would be most help- 
ful in getting the photographer familiar with the equipment. 

As many photographs should be taken as are necessary to 
document and record the fire scene adequately. It is recog- 
nized that time and expense considerations may impact the 
number of photographs taken, and the photographer should 
exercise discretion. It is far preferable to err on the side of tak- 
ing too many photographs rather than too few. 

The exclusive use of videotapes, motion pictures, or slides 
is not recommended. They are more effective when used in 
conjunction with still photographs. Also, additional equip- 
ment is obviously required to review and utilize videos, films, 
and slides. 


13.2.1 Timing. Taking photographs during or as soon as pos- 
sible after a fire is important when recording the fire scene, as 


the scene may become altered, disturbed, or even destroyed. 
Some reasons why time is important include the following. 
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(a) The building is in danger of imminent collapse or the 
structure must be demolished for safety reasons. 

(b) The condition of the building contents creates an envi- 
ronmental hazard that needs immediate attention. 

(c) Evidence should be documented when discovered as 
layers of debris are removed, as is done at an archaeological 
dig. Documenting the layers can also assist in understanding 
the course of the fire. 


13.2.2 Basics. The most fundamental aspect of photography 
that an investigator should comprehend is how a camera 
works. The easiest way to learn how a camera works is to com- 
pare the camera to the human eye. 

One of the most important aspects to remember about fire 
investigation photography is light. The average fire scene con- 
sists of blackened subjects and blackened background, creat- 
ing much less than ideal conditions for taking a photograph. 
As one can imagine, walking into a dark room causes the 
human eye to expand its pupil in order to gather more light; 
likewise, the camera requires similar operation. The person in 
a dark room normally turns on the light to enhance vision, just 
as a photographer uses flash or floodlight to enhance the imi- 
tated vision of the camera. 

Both the human eye and the camera project an inverted 
image on the light-sensitive surface: the film in the camera, 
and the retina in the eye. The amount of light admitted is reg- 
ulated by the iris (eye) or diaphragm (camera). In both, the 
chamber through which the light passes is coated with a black 
lining to absorb the stray light and avoid reflection. 

Regardless of camera type, film speed, or whether slides or 
prints are being taken, it is recommended that the investigator 
use color film. The advantage of color film is that the final 
product can more realistically depict the fire scene by showing 
color variations between objects and smoke stains. 


13.2.2.1 Types of Cameras. There is a multitude of camera 
types available to the investigator, from small, inexpensive 
models to elaborate versions with a wide range of attachments. 

Some cameras are fully automatic, giving some investiga- 
tors a sense of comfort knowing that all they need to do is 
point and shoot. These cameras will set the film speed from a 
code on the film canister, adjust the lens opening (fstop), and 
focus the lens by means of a beam of infrared light. 

Manual operation is sometimes desired by the investigator 
so that specialty photographs can be obtained that the auto- 
matic camera, with its built-in options, cannot perform. For 
example, with a manual camera, bracketing (taking a series of 
photographs with sequentially adjusted exposures) can be 
performed to ensure at least one properly exposed photo- 
graph when the correct exposure is difficult to measure. 
There are some cameras that can be operated in a manual as 
well as an automatic mode, providing a choice from the same 
camera. Most investigators prefer an automatic camera. 

A 35 mm single-lens reflex camera is preferred over other 
formats, but the investigator who has a non—35 mm camera 
should continue to take photographs as recommended. A 
back-up camera that instantly develops prints can be advanta- 
geous, especially for an important photograph of a valuable 
piece of evidence. 


13.2.2.2 Film. There are many types of film and film speeds 
available in both slide and print film. There are numerous 
speeds of film (ASA ratings) especially in the 35 mm range. 
Since 35 mm (which designates the size of the film) is most 
recognized and utilized by fire investigators, film speeds will 
be discussed using this size only. The common speeds range 
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from 25 to 1600 in color and to 6400 in black and white. The 
numbers are merely a rating system. As the numbers get 
larger, the film requires less light. While the higher ASA-rated 
(faster) film is better in low light conditions with no flash, a 
drawback is that it will produce poorer-quality enlargements, 
which will have a grainy appearance. The film with the lowest 
rating that the investigator is comfortable with should be used 
because of the potential need for enlargements. Most investi- 
gators use a film with an ASA rating between 100 and 400. Fire 
investigators should practice and become familiar with the 
type and speed of film they intend to use on a regular basis. 


13.2.2.3 Digital Photography. With the advantage of com- 
puter-based technology and the improvement of digital cam- 
eras and technology, there are a number of issues that have 
been raised regarding the acceptance of the photograph dur- 
ing testimony. At this time, there are no definitive answers as 
to the acceptance of these photographs in the courtroom. 
With all photographs, the tests of a “true and accurate repre- 
sentation” and “relevance to the testimony” must still be met. 
While digital format is encouraged, due to concerns of admis- 
sibility print film should be the primary means of photogra- 
phy. A backup, or redundant photographs using different 
cameras and format, will provide the investigator with a better 
opportunity to have essential scene documentation. 

When a digital format is chosen, the higher-resolution cam- 
era will provide the investigator with photographs of higher 
quality. Additional considerations for the type of camera 
selected would be the same as for the selection and use of cur- 
rent still photography (i.e., lens quality, flash, spot meter, and 
so on). The last aspect concerning the use of digital photogra- 
phy is to use high quality printer and paper when making hard 
copies of the photographs. 
13.2.2.4 Lenses. The camera lens is used to gather light and 
to focus the image on the surface of the film. Most of today’s 
lenses are compound, meaning that multiple lenses are 
located in the same housing. The fire investigator needs a 
basic understanding of the lens function to obtain quality pho- 
tographs. The convex surface of the lens collects the light and 
sends it to the back of the camera, where the film lies. The 
aperture is an adjustable opening in the lens that controls the 
amount of light admitted. The adjustments of this opening are 
sectioned into measurements called f-stops. As the f-stop num- 
bers get larger, the opening gets smaller, admitting less light. 
These f-stop numbers are listed on the movable ring of the 
adjustable lenses. Normally, the higher the fstop that can be 
used, the better the quality of the photograph. 

Focal lengths in lenses range from a normal lens (50 mm, 
which is most similar to the human eye) to the wide angle 
(28 mm or less) lenses, to telephoto and zoom lenses (typically 
100 mm or greater). The investigator needs to determine what 
focal lengths will be used regularly and become familiar with 
the abilities of each. 

The area of clear definition or depth of field is the distance 
between the farthest and nearest objects that will be in focus 
at any given time. The depth of field depends on the distance 
to the object being photographed, the lens opening, and the 
focal length of the lens being used. The depth of field will also 
determine the quality of detail in the investigator’s photo- 
graphs. For a given f-stop, the shorter the focal length of the 
lens, the greater the depth of field. For a given focal length 
lens, a larger f'stop (smaller opening) will provide a greater 
depth of field. The more the depth of field, the more minute 
are the details that will be seen. This is an important technique 
to master. These are the most common lens factors with which 


the fire investigator needs to be familiar. If a fixed-lens camera 
is used, the investigator need not be concerned with adjust- 
ments, because the manufacturer has preset the lens. A recom- 
mended lens is a medium range zoom, such as the 35 mm to 
70 mm, providing a wide angle with a good depth of field and 
the ability to take high-magnification close-ups (macros). 


13.2.2.5 Filters. The investigator should know that problems 
can occur with the use of colored filters. Unless proper knowl- 
edge of their end results is known, it is recommended that they 
not be used. If colored filters are used, the investigator should 
take a photograph with a clear filter also. The clear filter can be 
used continually and is a good means of protecting the lens. 


13.2.2.6 Lighting. The most usable light source known is the 
sun. No artificial light source can compare realistically in 
terms of color, definition, and clarity. At the beginning and 
end of the day, inside a structure or an enclosure, or on an 
overcast day, a substitute light source will most likely be 
needed. This light can be obtained from a floodlight or from 
a strobe or flash unit integrated with the camera. 

Because a burned area has poor reflective properties, arti- 
ficial lighting using floodlights is useful. These, however, will 
need a power source either from a portable generator or from 
a source within reach by extension cord. 

Flash units are necessary for the fire investigator’s work. 
The flash unit should be removable from the camera body so 
that it can be operated at an angle oblique to that of the lens 
view. This practice is valuable in reducing the amount of 
reflection, exposing more depth perception, and amplifying 
the texture of the heat- and flame-damaged surfaces. Another 
advantage to a detachable flash unit is that, if the desired com- 
position is over a larger area, the angle and distance between 
the flash and the subject can be more balanced. 

A technique that will cover a large scene is called photo 
painting. It can be accomplished by placing the camera in a 
fixed position with the shutter locked open. A flash unit can 
be fired from multiple angles, to illuminate multiple subjects 
or large areas from all angles. The same general effect can be 
obtained by the use of multiple flash units and remote operat- 
ing devices called slaves. 

For close-up work, a ring flash will reduce glare and give 
adequate lighting for the subject matter. Multiple flash units 
can also be used to give a similar effect to the ring flash by plac- 
ing them to flash at oblique angles. 

A photograph of an 18 percent gray card standard may be 
beneficial for calibration in the printing stages of the photo- 
graphs and can be photographed at the first frame of a roll of 
film. It will set the standard of light or flash utilized at each scene. 

The investigator should be sure that glare from a flash or 
floodlight does not distort the actual appearance of an object. 
For example, smoke stains could appear lighter or nonexist- 
ent. In addition, shadows created could be interpreted as burn 
patterns. Movie lights used with videotapes can cause the same 
problems as still camera flash units. Using bounce flash, light 
defusers, or other techniques could alleviate this problem. 

The investigator concerned with the potential outcome of 
a photograph can bracket the exposure. Bracketing is the pro- 
cess of taking the same subject matter at slightly different 
exposure settings to ensure at least one correct exposure. 


13.2.2.7 Special Types of Photography. Today’s technology 
has produced some specialty types of photography. Infrared, 
laser, and microscopic photography can be used under con- 
trolled circumstances. An example is the ability of laser pho- 
tography to document a latent fingerprint found on a body. 
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13.2.3 Composition and Techniques. Photographs may be 
the most persuasive factor in the acceptance of the fire inves- 
tigator’s theory of the fire’s evolution. 


In fire investigation, a series of photographs should be taken 
to portray the structure and contents that remain at the fire 
scene. The investigator generally takes a series of photographs, 
working from the outside toward the inside of a structure, as 
well as from the unburned toward the most heavily burned 
areas. The concluding photographs are usually of the area and 
point of origin, as well as any elements of the cause of the fire. 


It can be useful for the photographer to record, and 
thereby document, the entire fire scene and not just the sus- 
pected point of origin, as it may be necessary to show the 
degree of smoke spread or evidence of undamaged areas. 


13.2.3.1 Sequential Photos. Sequential photographs, shown 
in Figure 13.2.3.1, are helpful in understanding the relation- 
ship of a small subject to its relative position in a known area. 
The small subject is first photographed from a distant posi- 
tion, where it is shown in context with its surroundings. Addi- 
tional photographs are then taken increasingly closer until the 
subject is the focus of the entire frame. 


FIGURE 13.2.3.1 Sequential photographs of a chair. 
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13.2.3.2 Mosaics. A mosaic or collage of photographs can be 
useful at times when a sufficiently wide angle lens is not avail- 
able and a panoramic view is desired. It is created by assem- 
bling a number of photographs in overlay form to give a more- 
than-peripheral view of an area, as shown in Figure 13.2.3.2. 
An investigator needs to identify items (e.g., benchmarks) in 
the edge of the view finder that will appear in the print and 
take the next photograph with that same reference point on 
the opposite side of the view finder. The two prints can then 
be combined to obtain a wider view than the camera is capable 
of taking in a single shot. 


FIGURE 13.2.3.2. Mosaic of warehouse burn scene from 
aerial truck. 


13.2.3.3 Photo Diagram. A photo diagram can be useful to 
the investigator. When the finished product of a floor plan is 
complete, it can be copied, and directional arrows can be 
drawn to indicate the direction from which each of the photo- 
graphs was taken. Corresponding numbers are then placed on 
the photographs. This diagram will assist in orienting a viewer 
who is unfamiliar with the fire scene. A diagram prepared to 
log a set of photographs might appear as shown in Figure 
13.2.3.3. 


Recommended documentation includes identification of 
the photographer, identification of the fire scene (i.e., address 
or incident number), and the date that the photographs were 
taken. 


The exact time a photograph is taken does not always need 
to be recorded. There are instances, however, when the time 
period during which a photograph was taken will be impor- 
tant to an understanding of what the photograph depicts. In 
photographing an identical subject, natural lighting condi- 
tions that exist at noon may result in a significantly different 
photographic image than natural lighting conditions that 
exist at dusk. When lighting is a factor, the approximate time 
or period of day should be noted. Also, the specific time 
should be noted for any photograph taken prior to extinguish- 
ment of the fire, as these often help establish time lines in the 
fire’s progress. 


13.2.3.4 Assisting Photographer. If a person other than the 
fire investigator is taking the photographs, the angles and 
composition should be supervised by the fire investigator to 
ensure that shots needed to document the fire are obtained. 
Investigators should communicate their needs to the photog- 
rapher, as they may not have a chance to return to the fire 
scene. The investigators should not assume that the photogra- 
pher understands what essential photographs are needed 
without discussing the content of each photo. 
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FIGURE 13.2.3.3. Diagram showing photo locations. 
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13.2.3.5 Photography and the Courts. For the fire investiga- 
tor to weave photographs and testimony together in the court- 
room, one requirement in all jurisdictions is that the 
photograph should be relevant to the testimony. There are 
other requirements that may exist in other jurisdictions, 
including noninflammatory content, clarity of the photo- 
graph, or lack of distortion. In most courts, if the relevancy 
exists, the photograph will usually withstand objections. Since 
the first color photographs were introduced into evidence in 
a fire trial, most jurisdictions have not distinguished between 
color or black and white photographs, if the photograph met 
all other jurisdictional criteria. 


13.2.4 Video. In recent years, advancements have made 
motion pictures more available to the nonprofessional 
through the use of video cameras. There are different formats 
available for video cameras including VHS, BETA, and 8 mm. 
Video is a very useful tool to the fire investigator. A great 
advantage to video is the ability to orient the fire scene by pro- 
gressive movement of the viewing angle. In some ways, it com- 
bines the use of the photo diagram, photo indexing, floor 
plan diagram, and still photos into a single operation. 

When taking videos or movies, “zooming-in” or otherwise 
exaggerating an object should be avoided, as it can be consid- 
ered to present a dramatic effect rather than the objective 
effect that is sometimes required for evidence in litigation 
work. 

Another use of video is for interviews of witnesses, owners, 
occupants, or suspects when the documentation of their testi- 


mony is of prime importance. If demeanor is important to an 
investigator or to a jury, the video can be helpful in revealing 
that. 

The exclusive use of videotape or movies is not recom- 
mended, because such types of photography are often consid- 
ered less objective and less reliable than still photographs. 
Video should be used in conjunction with still photographs. 

Videotape recording of the fire scene can be a method of 
recording and documenting the fire scene. The investigator 
can narrate observations, similar to an audio (only) tape 
recorder, while videorecording the fire scene. The added ben- 
efit is that the investigator can better recall the fire scene, spe- 
cifically fire patterns or artifact evidence, their location, and 
other important elements of the fire scene. Utilized in this 
method, the recording is not necessarily for the purpose of 
later presentation, but is simply another method by which the 
investigator can record and document the fire scene. 

Video recording can also be effective to document the 
examination of evidence, especially destructive examination. 
By videotaping the examination, the condition and position of 
particular elements of evidence can be documented. 


13.2.5 Suggested Activities to Be Documented. An investiga- 
tion may be enhanced if as many aspects of the fire ground 
activities can be documented as possible or practical. Such 
documentation may include the suppression activities, over- 
haul, and the cause and origin investigation. 


13.2.5.1 During the Fire. Photographs of the fire in progress 
should be taken if the opportunity exists. These help show the 
fire’s progression as well as fire department operations. As the 
overhaul phase often involves moving the contents and some- 
times structural elements, photographing the overhaul phase 
will assist in understanding the scene before the fire. 


13.2.5.2 Crowd or People Photographs. Photographs of peo- 
ple in a crowd are often valuable for identifying individuals 
who may have additional knowledge that can be valuable to 
the overall investigation. 


13.2.5.3 Fire Suppression Photographs. Fire suppression activ- 
ities pertinent to the investigation include the operation of 
automatic systems as well as the activities of the responding fire 
services, whenever possible. All aspects pertinent to these, such 
as hydrant locations, engine company positions, hose lays, 
attack line locations, and so forth, play a role in the eventual 
outcome of the fire. Therefore, all components of those systems 
should be photographed. 


13.2.5.4 Exterior Photographs. A series of exterior shots 
should be taken to establish the location of a fire scene. These 
shots could include street signs or access streets, numerical 
addresses, or landmarks that can be readily identified and are 
likely to remain for some time. Surrounding areas that would 
represent remote evidence, such as fire protection and expo- 
sure damage, should also be photographed. Exterior photo- 
graphs should also be taken of all sides and corners of a 
structure to reveal all structural members and their relation- 
ships with each other. (See Figure 13.2.5.4.) 


13.2.5.5 Structural Photographs. Structural photographs doc- 
ument the damage to the structure after heat and flame expo- 
sure. Structural photos can expose burn patterns to track the 
evolution of the fire and can assist in understanding the fire’s 
origin. 

A recommended procedure is to include as much as pos- 
sible all exterior angles and views of the structure. Oblique 


2001 Edition 


921-100 


FIRE AND EXPLOSION INVESTIGATIONS 


corner shots can give reference points for orientation. Pho- 
tographs should show all angles necessary for a full explana- 
tion of a condition. 

Photographs should be taken of structural failures such as 
windows, roofs, or walls, because such failures can change the 
route of fire travel and can play a significant role in the even- 
tual outcome of the fire. Code violations or structural deficien- 
cies should also be photographed because fire travel patterns 
may have resulted from those deficiencies. 


FIGURE 13.2.5.4 Photographing the scene from all angles 
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13.2.5.6 Interior Photographs. Interior photographs are equally 
important. Lighting conditions will likely change from the exte- 
rior, calling for the need to adjust technique, but the concerns 
(tracking and documenting fire travel backward toward the fire 
origin) are the same. All significant ventilation points accessed or 
created by the fire should be photographed, as well as all signifi- 
cant smoke, heat, and burn patterns. Figure 13.2.5.6(a) provides 
a diagram of basic shots. 


FIGURE 13.2.5.6(a) Photographing all four walls and both 
sides of each door. 


Rooms within the immediate area of the fire origin should 
be photographed, even if there is no damage. If warranted, 
closets and cabinet interiors should also be documented. In 
small buildings, this documentation could involve all rooms; 
but in large buildings, it may not be necessary to photograph 
all rooms unless there is a need to document the presence, 
absence, or condition of contents. 
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All heat-producing appliances or equipment, such as fur- 
naces, in the immediate area of the origin or connected to the 
area of origin should be photographed to document their 
role, if any, in the fire cause. 

All furniture or other contents within the area of origin 
should be photographed as found and again after reconstruc- 
tion. Protected areas left by any furnishings or other contents 
should also be photographed, as in the example shown in Fig- 
ure 13.2.5.6(b). 


FIGURE 13.2.5.6(b) Floor tile protected from radiant heat 
by wire. 


The position of doors and windows during a fire is impor- 
tant, so photographs should be taken that would document 
those indications and resulting patterns. 

Interior fire protection devices such as detectors, sprin- 
kKlers, extinguishers used, door closers, or dampers should be 
photographed. 

Clocks may indicate the time power was discontinued to 
them or the time in which fire or heat physically stopped their 
movement. 


13.2.5.7 Utility and Appliance Photographs. The utility (gas, 
electric) entrances and controls both inside and outside a 
structure should be photographed. Photos should include gas 
and electric meters, gas regulators, and their location relative 
to the structure. The electric utility pole(s) near the structure 
that is equipped with the transformer serving the structure, 
and the electrical services coming into the structure, as well as 
the fuse or circuit breaker panels should also be photo- 
graphed. If there are gas appliances in the fire area of origin, 
the position of all controls on the gas appliances should be 
photographed. When photographing electrical circuit 
breaker panels, the position of all circuit breaker handles and 
the panel’s schedule indicating what electrical equipment is 
supplied by each breaker, when available, should be photo- 
graphed. Likewise, all electrical cords and convenience outlets 
pertinent to the fire’s location should be photographed. 


13.2.5.8 Evidence Photographs. Items of evidentiary value 
should be photographed at the scene and can be rephoto- 
graphed at the investigator’s office or laboratory if a more 
detailed view is needed. During the excavation of the debris 
strata, articles in the debris may or may not be recognized as evi- 
dence. If photographs are taken in an archaeological manner, 
the location and position of evidence that can be of vital impor- 
tance will be documented permanently. Photographs orient the 
articles of evidence in their original location as well as show 
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their condition when found. Evidence is essential in any court 
case, and the photographs of evidence stand strong with proper 
identification. In an evidentiary photograph, a ruler can be 
used to identify relative size of the evidence. Other items can 
also be used to identify the size of evidence as long as the item 
is readily identifiable and of constant size (e.g., a penny). A pho- 
tograph should be taken of the evidence without the ruler or 
marker prior to taking a photograph with the marker. 


13.2.5.9 Victim Photographs. The locations of occupants 
should be documented, and any evidence of actions taken or 
performed by those occupants should be photographed. This 
documentation should include marks on walls, beds victims 
were occupying, or protected areas where a body was located. 
(See Figure 13.2.5.9.) If there is a death involved, the body 
should be photographed. Surviving victims’ injuries and their 
clothing worn should also be photographed. 


FIGURE 13.2.5.9 Protected area where body was located. 


13.2.5.10 Witness Viewpoint Photographs. During an investi- 
gation, if witnesses surface and give testimony as to what they 
observed from a certain vantage point, a photograph should 
be taken from the most identical view available. This photo- 
graph will orient all persons involved with the investigation as 
well as a jury to the direction of the witnesses’ observations and 
could support or refute the possibility of their seeing what they 
said they saw. 


13.2.5.11 Aerial Photographs. Views from a high vantage 
point, which can be an aerial fire apparatus, adjacent building, 
or hill, or from an airplane or helicopter, can often reveal fire 
spread patterns. Aerial photography can be expensive, and a 
number of special problems exist that can affect the quality of 
the results. It is suggested that the investigator seek the advice 
or assistance of an experienced aerial photographer when 
such photographs are desired. 


13.2.6 Photography Tips. Investigators may help themselves 
by applying some or all of the following photography tips. 


(a) Upon arrival at a fire scene and after shooting an 18 
percent gray card, photograph a written “title sheet” that 


shows identifying information (i.e., location, date, or situa- 
tional information). 


(b) Label the film canister after each use to prevent confu- 
sion or loss. 


(c) If the investigator’s budget will allow, bulk film can be 
purchased and loaded into individual canisters that can allow 
for specific needs in multiple roll sizes and can be less expen- 
sive in certain situations. 


(d) Carry a tripod that will allow for a more consistent 
mosaic pattern, alleviate movement and blurred photographs, 
and assist in keeping the camera free of fire debris. A quick- 
release shoe on the tripod will save time. 


(e) Do not combine multiple fire incidents on one roll of 
film. Complete each fire scene and remove the last roll from 
the camera before leaving the scene. This will eliminate poten- 
tial confusion and problems later on. 


(f) Carry extra batteries, especially in cold weather when 
they can be drained quickly. Larger and longer-life battery 
packs and battery styles are available. 


(g) Remember not to leave the batteries in the photogra- 
phy equipment for an extended period of time. Leaking bat- 
teries can cause a multitude of problems to electrical and 
mechanical parts. 


(h) Avoid obstruction of the flash or lens by hands, camera 
strap, or parts of the fire scene. Additionally, when the camera 
is focused and ready to shoot, both eyes should be opened to 
determine whether the flash went off. 


13.2.7 Presentation of Photograph. There is a variety of 
methodologies available to the investigator for the presenta- 
tion of reports, diagrams, and photographs. A key to the deci- 
sion making process is: “What method of presentation shows 
or presents the item with the greatest clarity?” A secondary 
consideration to assist in the preparation of the presentation 
is to follow guidelines or practices that are used for instruc- 
tional presentations, specifically in the area of instructional 
aids. The investigator should determine what methods of pre- 
sentation and types of photographs currently are acceptable to 
the court. Additionally, the investigator should identify and 
obtain equipment that may be needed to support the presen- 
tation, oversee the setup, and test the equipment prior to use. 


Preparation is one of the most important aspects of pre- 
senting demonstrative evidence. 


13.2.7.1 Prints versus Slides. There are advantages and disad- 
vantages to both prints and slides. A benefit of slides over prints 
is that large size images may be displayed at no additional cost. 
When showing slides in court, the investigator can keep every 
juror’s attention on what the investigator is testifying about. If 
prints are utilized, the investigator’s testimony may be recalled 
only vaguely, if the jury member is busy looking at photographs 
that are passed among the jurors as testimony continues. The 
use of poster-sized enlargements can help. 

Conversely, during testimony of a long duration or during 
detailed explanations of the scene, slides are a burden to refer 
to without the use of a projector. In this case, photographs are 
easier to handle and analyze. When slides are used, problems 
can occur, such as the slides jamming or a lamp burning out 
in the projector; thus, there may be no alternate way to display 
the scene to the jurors without delay. Prints require no 
mechanical devices to display them, and notations for pur- 
poses of identification, documentation, or description are eas- 
ily affixed on or adjacent to a still photograph. 
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13.2.7.2 Video Presentation. The use of video to present 
important information in testimony is an excellent methodol- 
ogy. Key to proper use of video presentation is to ensure that 
the size of the screen is sufficient to allow all interested parties 
to see the material adequately. The use of additional monitors 
may assist in overcoming this problem. 

The investigator should be aware of quality issues when 
preparing the video presentation, as those that will be viewing 
the presentation are accustomed to broadcast quality video. 


13.2.7.3 Computer-Based Presentations. The advancement 
and increased use of computer-based presentations provides 
the investigator with an excellent tool for presentation. As 
with other presentation formats, there are inherent advan- 
tages and disadvantages to those programs. 

Computer-based presentations provide the user with the 
ability to put drawings and photographs on the same slide, as 
well as to provide other highlighting or information that may 
enhance the observer’s ability to understand relationships or 
information being presented. 

The investigator should have backup resources available, 
such as the original photographs and drawings, in the event 
that hardware incompatibility or software problems prevent 
the presentation from being viewed or reduce the effective- 
ness of the presentation. 


13.3 Note Taking. Note taking is a complement to drawings 
and photographs and should be used primarily to supplement 
items and to document items that cannot be photographed or 
drawn. These may include the following: 


(1) Names and addresses 

(2) Model/serial numbers 

(3) Statements 

(4) Photo log 

(5) Identification of items 

(6) ‘Types of materials (e.g., wood paneling, foam plastic, carpet) 
Many investigators like to dictate their notes into portable 

tape recorders. Since people may have difficulty phrasing sen- 

tences, it is perfectly acceptable to edit the transcribed version 

of a tape recording before filing the notes. 


FIGURE 13.4.2(a) Site plan showing photo and witness locations. 


Sidewalk 


The investigator should be careful not to rely solely on tape 
recorders or any single piece of equipment when document- 
ing critical pieces of information or evidence. 


13.4 Drawings. Various types of drawings, including sketches, 
diagrams, and plans, can be made or obtained to assist the 
investigator in documenting and analyzing the fire scene. 

Depending on the size or complexity of the fire, various 
techniques can be used to prepare the drawings. The exact 
detail required in the drawings depends on the decision of the 
specific investigator. As with photographs, drawings are used 
to support memory, as the investigator typically gets only one 
chance to inspect the fire scene. 


13.4.1 Fire Investigation Drawings. After selecting the level of 
detail to which a drawing will be made, the fire investigator needs 
to decide how to record the damage patterns observed during 
the investigation. Once again, the detail needed is the decision of 
the investigator and should be made with the realization that 
there may be only one chance to document the scene. The detail 
may be a general approximation or a precise measurement. Sup- 
plemented by photographs, drawings of damage patterns pro- 
vide good documentation of a fire scene and can assist an 
investigator in reanalyzing a fire scene if previously unknown 
information becomes available. 


13.4.2 Types of Drawings. The investigator may wish to make 
several types of drawings to assist in analyzing or explaining a 
fire scene. Figures 13.4.2(a) through 13.4.2(f) are illustrative 
of drawing documentation. 


13.4.3 Selection of Drawings. In selecting the type of drawing 
to obtain or create, the investigator should ask what construc- 
tion features, equipment, or other factors were important to the 
cause, origin, and spread of the fire. For example, if the interior 
finish of a facility contributed to the fire, then a drawing show- 
ing the location of the material is important. If the building 
caught fire due to an adjoining building burning, then a plan 
showing the location of the two buildings would be important. 
If a flammable liquid was used in a fire, it would be important 
to show where it was used and how it was connected. 
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FIGURE 13.4.2(b) Detailed floor plan. 
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FIGURE 13.4.2(c) Pre-fire contents diagram. 
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FIGURE 13.4.2(d) Exploded room diagram showing damage patterns, sample locations, and photo locations. 


North wall 


North 


me 


West wall 


South wall 


13.4.4* Symbols. The selection of drawing symbols is the 
investigator’s decision. Most importantly, the investigator 
should be consistent with the symbols used on a fire scene 
drawing. If an Fis used to represent an exit sign, it should not 
also represent an entrance. 


13.4.5 Minimum Drawings. In all fire cases the minimum 
drawing should consist of a simple sketch. A typical building 
sketch would show the relative locations of rooms, stairs, win- 
dows, doors, and associated damage. These drawings can be 
done freehand with dimensions that are paced off or approx- 
imated. This type of drawing, shown in Figure 13.4.5, should 
suffice on fire cases where the fire analysis and conclusions 
are simple. 

More complex scenes or litigation cases may require devel- 
oping or acquiring actual building plans and detailed docu- 
mentation of construction, equipment, furnishings, witnesses, 
and damage. 


13.4.6 Architectural and Engineering Drawings. Many types 
of drawings are available and, to a student of drawing presen- 
tation, there are many references available for additional read- 
ing. For the fire investigator trying to document a scene, it is 
more important to be aware of the general names of drawings 
and the level of detail on each type of drawing. The architec- 
tural and engineering community generally use the following 
types of drawings in the design and construction process, start- 
ing with the least detail. 
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(a) Sketches. Freehand drawings of concepts 


(b) Schematic Design Drawings. Drafted drawings showing 
the preliminary design layout with little detail 


(c) Design Development Drawings. Drafted drawings defining 
and detailing the schematic drawings 

(d) Construction Drawings. Drafted drawings with extensive 
detail showing what was used by contractors to build the structure 


(e) As-Built Drawings. Drafted drawings showing any field 
modifications to the construction drawings and reflecting the 
finished structure 


Within the design and construction process, there are sev- 
eral types of drawings with which the investigator should be 
familiar. The most common drawings, along with the disci- 
pline that generally prepares them, are shown in Table 13.4.6. 


13.5 Architectural and Engineering Schedules. On larger 
projects, it may be necessary to detail the types of equipment 
in lists that are called schedules. Where many components are 
specified in great detail, a schedule will usually exist. Typical 
schedules are as follows: 


(1) Fan schedule 
(2) Door schedule 


(3) Interior finish schedule 
(4) Lighting schedule 
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FIGURE 13.4.2(e) Contents reconstruction diagram showing damaged furniture in original positions. 
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FIGURE 13.4.2(f) An isochar diagram showing lines of 
equal char depth on exposed ceiling joists. 
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FIGURE 13.4.5 Minimum drawing for simple fire analysis. 
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Table 13.4.6 Design and Construction Drawing That May Be Available 


Type Information Discipline 

Topographical Shows the varying grade of the land Surveyor 

Site plan Shows the structure on the property with sewer, water, electrical distributions Civil engineer 
to the structure 

Floor plan Shows the walls and rooms of structure as if you were looking down on it Architect 

Plumbing Layout and size of piping for fresh and waste water Mechanical engineer 

Electrical Size and arrangement of service entrance, switches and outlets, fixed Electrical engineer 
electrical appliances 

Mechanical HVAC system Mechanical engineer 


Sprinkler/fire alarm Self-explanatory 


Structural Frame of building 


Elevations Shows interior/exterior walls 


Cross section 


Details Show close-ups of complex areas 


13.6* Specifications. Architects and engineers prepare spec- 
ifications to accompany their drawings. While the drawings 
show the geometry of the project, the specifications detail the 
quality of the materials, responsibilities of various contractors, 
and the general administration of the project. Specifications 
are usually divided into sections for the various components of 
the building. For the fire investigator, the properties of mate- 
rials can be identified through a specification review and may 
assist in the analysis. 


Chapter 14 Physical Evidence 


14.1* General. During the course of any fire investigation, 
the fire investigator is likely to be responsible for locating, col- 
lecting, identifying, storing, examining, and arranging for 
testing of physical evidence. The fire investigator should be 
thoroughly familiar with the recommended and accepted 
methods of processing such physical evidence. 


14.2 Physical Evidence. Physical evidence, defined generally, 
is any physical or tangible item that tends to prove or disprove 
a particular fact or issue. Physical evidence at the fire scene 
may be relevant to the issues of the origin, cause, spread, or 
the responsibility for the fire. 


The decision on what physical evidence to collect at the 
incident scene for submission to a laboratory or other testing 
facility for examination and testing, or for support of a fact or 
opinion, rests with the fire investigator. This decision may be 
based on a variety of considerations, such as the scope of the 
investigation, legal requirements, or prohibition. (See Section 
9.2.) Additional evidence may also be collected by others, 
including other investigators, insurance company representa- 
tives, manufacturer’s representatives, owners, and occupants. 
The investigator should also be aware of issues related to spo- 
liation of evidence. 


14.3* Preservation of the Fire Scene and Physical Evidence. 
Every attempt should be made to protect and preserve the fire 
scene as intact and undisturbed as possible, with the structure, 
contents, fixtures, and furnishings remaining in their pre-fire 
locations. (See Figure 14.3.) 
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FIGURE 14.3 Physical evidence at a fire scene. Evidence 
such as this small paper match could easily be destroyed or 
lost in an improperly preserved fire scene. 


Generally, the cause of a fire or explosion is not known 
until near the end of the investigation. Therefore, the eviden- 
tiary or interpretative value of various pieces of physical evi- 
dence observed at the scene may not be known until, at, or 
near the end of the fire scene examination, or until the end of 
the complete investigation. As a result, the entire fire scene 
should be considered physical evidence and should be pro- 
tected and preserved. 

The responsibility for the preservation of the fire scene and 
physical evidence does not lie solely with the fire investigator, but 
should begin with arriving fire-fighting units or police authori- 
ties. Lack of preservation may result in the destruction, contam- 
ination, loss, or unnecessary movement of physical evidence. 
Initially, the incident commander and, later, the fire investigator 
should secure or ensure the security of the fire scene from 
unnecessary and unauthorized intrusions and should limit fire 
suppression activities to those that are necessary. 

Evidence at the fire scene should be considered not only in 
a criminal context, such as in traditional forensic evidence 
(e.g., weapons, bodily fluids, footprints), nor should it be lim- 


PHYSICAL EVIDENCE 


921-107 


ited to arson-related evidence, items, or artifacts, such as 
incendiary devices or containers. Potential evidence at the fire 
scene and surrounding areas can include the physical struc- 
ture, the contents, the artifacts, and any materials ignited or 
any material on which fire patterns appear. 


14.3.1 Fire Patterns as Physical Evidence. The evidentiary and 
interpretative use of fire patterns may be valuable in the iden- 
tification of a potential ignition source, such as an incendiary 
device in an arson fire or an appliance in an accidental fire. 
Fire patterns are the visible or measurable physical effects that 
remain after a fire. These include thermal effects on materials, 
such as charring, oxidation, consumption of combustibles, 
smoke and soot deposits, distortion, melting, color changes, 
changes in the character of materials, structural collapse, and 
other effects. (See Section 4.3.) 


14.3.2 Artifact Evidence. Artifacts can be the remains of the 
material first ignited, the ignition source, or other items or 
components in some way related to the fire ignition, develop- 
ment, or spread. An artifact may also be an item on which fire 
patterns are present, in which case the preservation of the arti- 
fact is not for the item itself but for the fire pattern that is con- 
tained thereon. 


14.3.3 Protecting Evidence. There are a number of methods 
that can be utilized to protect evidence from destruction. 
Some methods include posting a fire fighter or police officer 
as a sentry to prevent or limit access to a building, a room, or 
an area; use of traffic cones or numerical markers to identify 
evidence or areas that warrant further examination; covering 
the area or evidence with tarpaulins prior to overhaul; or iso- 
lating the room or area with rope, caution tape, or police line 
tape. The investigator may benefit from supervising overhaul 
and salvage operations. 

Items found at the fire scene, such as empty boxes or buck- 
ets, may be placed over an artifact. However, these items may 
not clearly identify the artifact as evidence that should be pre- 
served by fire fighters or others at the fire scene. If evidence is 
not clearly identified, it may be susceptible to movement or 
destruction at the scene. 


14.3.4 Role and Responsibilities of Fire Suppression Personnel 
in Preserving the Fire Scene. Generally, fire officers and fire 
fighters have been instructed during basic fire training that 
they have a responsibility on the fire scene regarding fire inves- 
tigation. In most cases, this responsibility is identified as recog- 
nizing the indicators of incendiarism, such as multiple fires, 
the presence of incendiary devices or trailers, and the presence 
of ignitable liquids at the area of origin (see Chapter 19). While 
this is an important aspect of their responsibilities in the inves- 
tigation of the fire cause, it is only a small part. 


Prompt control and extinguishment of the fire protects 
evidence. The ability to preserve the fire scene is often an 
important element in the investigation. Even when fire offic- 
ers and fire fighters are not responsible for actually deter- 
mining the origin or cause of the fire, they play an integral 
part in the investigation by preserving the fire scene and 
physical evidence. 


14.3.4.1 Preservation. Once an artifact or other evidence has 
been discovered, preliminary steps should be taken to pre- 
serve and protect the item from loss, destruction, or move- 
ment. The person making the discovery should notify the 
incident commander as soon as practical. The incident com- 
mander should notify the fire investigator or other appropri- 


ate individual or agency with the authority and responsibility 
for the documentation and collection of the evidence. 


14.3.4.2 Caution in Fire Suppression Operations. Fire crews 
should avoid causing unnecessary damage to evidence when 
using straight-stream hoselines, pulling ceilings, breaking win- 
dows, collapsing walls, and performing overhaul and salvage. 


14.3.4.2.1 Use of Water Lines and Hose Streams. When pos- 
sible, fire fighters should use caution with straight-stream appli- 
cations, particularly at the base of the fire, because the base of 
the fire may be the area of origin. Evidence of the ignition 
source can sometimes be found at the area of origin. The use of 
hoselines, particularly straight-stream applications, can move, 
damage, or destroy physical evidence that may be present. 

The use of water hoselines for overhaul operations like 
washing down, or for opening up walls or ceilings, should also 
be restricted to areas away from possible areas of origin. 

The use of water should be controlled in areas where the 
investigator may wish to look at the floor for possible fire pat- 
terns. When draining the floor of standing water, the drain 
hole should be located so as to have the least impact on the 
fire scene and fire patterns. 


14.3.4.2.2 Overhaul. It is during overhaul that any remaining 
evidence not damaged by the fire is susceptible to being 
destroyed or displaced. Excessive overhaul of the fire scene 
prior to the documentation and analysis of fire patterns can 
affect the investigation, including failure to determine the 
area of origin. 

While the fire fighters have a responsibility to control and 
extinguish the fire and then check for fire extension, they 
are also responsible for the preservation of evidence. These 
two responsibilities may appear to be in conflict and, as a 
result, it is usually the evidence that is affected during the 
search for hidden fire. However, if overhaul operations are 
performed in a systematic manner, both responsibilities can 
be met successfully. 


14.3.4.2.3 Salvage. The movement or removal of artifacts 
from a fire scene can make the reconstruction difficult for the 
investigator. If the investigator cannot determine the pre-fire 
location of the evidence, the analytical or interpretative value 
of the evidence may be lost. Moving, and particularly remov- 
ing, contents and furnishings or other evidences at the fire 
scene should be avoided until the documentation, reconstruc- 
tion, and analysis is completed. 


14.3.4.2.4 Movement of Knobs and Switches. Fire fighters 
should refrain from turning knobs and operating switches on 
any equipment, appliances, or utility services at the fire scene. 
The position of components, such as the knobs and switches, 
may be a necessary element in the investigation, particularly in 
developing fire ignition scenarios or hypotheses. These com- 
ponents, which are often constructed of plastics, can become 
very brittle when subjected to heating. Their movement may 
alter the original post-fire state and may cause the switch to 
break or to become impossible to relocate in its original post- 
fire position. (See 21.5.3.) 


14.3.4.2.5 Use of Power Tools. The use of gasoline- or die- 
sel-powered tools and equipment should be controlled care- 
fully in certain locations. The refueling of any fuel-powered 
equipment or tools should be done outside the perimeter of 
the fire scene. Whenever fuel-powered equipment is used on 
the fire scene, its use and location should be documented and 
the investigator advised. 
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14.3.4.2.6 Limiting Access of Fire Fighters and Other Emer- 
gency Personnel. Access to the fire scene should be limited to 
those persons who need to be there. This precaution includes 
limiting fire fighters and other emergency or rescue person- 
nel to those necessary for the task at hand. When possible, the 
activity or operation should be postponed until the evidence 
has been documented, protected, evaluated, and collected. 


14.3.5 Role and Responsibilities of the Fire Investigator. If 
the fire fighters have not taken the preliminary steps to pre- 
serve or protect the fire scene, then the fire investigator 
should assume the responsibility for doing so. Then, depend- 
ing on the individual’s authority and responsibility, the inves- 
tigator should document, analyze, and collect the evidence. 


14.3.6 Practical Considerations. The precautions in this sec- 
tion should not be interpreted as requiring the unsafe or infi- 
nite preservation of the fire scene. It may be necessary to 
repair or demolish the scene for safety or for other practical 
reasons. Once the scene has been documented by interested 
parties and the relevant evidence removed, there is no reason 
to continue to preserve the scene. The decision as to when suf- 
ficient steps have been taken to allow the resumption of nor- 
mal activities should be made by all interested parties known 
at that time. 


14.4 Contamination of Physical Evidence. Contamination of 
physical evidence can occur from improper methods of collec- 
tion, storage, or shipment. Like improper preservation of the 
fire scene, any contamination of physical evidence may reduce 
the evidentiary value of the physical evidence. 


14.4.1 Contamination of Evidence Containers. Unless care is 
taken, physical evidence may become contaminated through 
the use of contaminated evidence containers. For this reason, 
the fire investigator should take every reasonable precaution to 
ensure that new and uncontaminated evidence containers are 
stored separately from used containers or contaminated areas. 


One practice that may help to limit a possible source of cross 
contamination of evidence collection containers, including 
steel paint cans or glass jars, is to seal them immediately after 
receipt from the supplier. The containers should remain sealed 
during storage and transportation to the evidence collection 
site. An evidence collection container should be opened only to 
receive evidence at the collection point, at which time it should 
be resealed pending laboratory examination. 


14.4.2* Contamination During Collection. Most contamina- 
tion of physical evidence occurs during its collection. This is 
especially true during the collection of liquid and solid 
accelerant evidence. The liquid and solid accelerant may be 
absorbed by the fire investigator’s gloves or may be transferred 
onto the collection tools and instruments. 

Avoiding cross-contamination of any subsequent physical 
evidence, therefore, becomes critical to the fire investigator. 
To prevent such cross-contamination, the fire investigator can 
wear disposable plastic gloves or place his or her hands into 
plastic bags during the collection of the liquid or solid acceler- 
ant evidence. New gloves or bags should always be used during 
the collection of each subsequent item of liquid or solid 
accelerant evidence. 

An alternative method to limit contamination during col- 
lection is to utilize the evidence container itself as the collec- 
tion tool. For example, the lid of a metal can may be used to 
scoop the physical evidence into the can, thereby eliminating 
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any cross-contamination from the fire investigator’s hands, 
gloves, or tools. 

Similarly, any collection tools or overhaul equipment such 
as brooms, shovels, or squeegees utilized by the fire investiga- 
tor need to be cleaned thoroughly between the collection of 
each item of liquid or solid accelerant evidence to prevent sim- 
ilar cross-contamination. The fire investigator should be care- 
ful, however, not to use waterless or other types of cleaners 
that may contain volatile solvents. 


14.4.3, Contamination by Fire Fighters. Contamination is pos- 
sible when fire fighters are using or refilling fuel-powered 
tools and equipment in an area where an investigator later 
tests for the presence or omission of an ignitable liquid. Fire 
fighters should take the necessary precautions to ensure that 
the possibility of contamination is kept to a minimum, and the 
investigator should be informed when the possibility of con- 
tamination exists. 


14.5 Methods of Collection. The collection of physical evi- 
dence is an integral part of a properly conducted fire investi- 
gation. The method of collection of the physical evidence is 
determined by many factors including the following. 


(a) Physical State. Whether the physical evidence is a solid, 
liquid, or gas 

(b) Physical Characteristics. The size, shape, and weight of 
the physical evidence 

(c) Fragility. How easily the physical evidence may be bro- 
ken, damaged, or altered 

(d) Volatility. How easily the physical evidence may evapo- 
rate 


Regardless of which method of collection is employed, the 
fire investigator should be guided by the policies and proce- 
dures of the laboratory that will examine or test the physical 
evidence. 


14.5.1* Documenting the Collection of Physical Evidence. 
Physical evidence should be thoroughly documented before it 
is moved. This documentation can be best accomplished 
through field notes, written reports, sketches, and diagrams, 
with accurate measurements and photography. The diagram- 
ming and photography should always be accomplished before 
the physical evidence is moved or disturbed. The investigator 
should strive to maintain a list of all evidence removed and of 
who removed it. 

The purpose of such documentation is twofold. First, the 
documentation should assist the fire investigator in establish- 
ing the origin of the physical evidence, including not only its 
location at the time of discovery, but also its condition and 
relationship to the fire investigation. Second, the documenta- 
tion should also assist the fire investigator in establishing that 
the physical evidence has not been contaminated or altered. 


14.5.2 Collection of Traditional Forensic Physical Evidence. 
Traditional forensic physical evidence includes, but is not lim- 
ited to, finger and palm prints, bodily fluids such as blood and 
saliva, hair and fibers, footwear impressions, tool marks, soils 
and sand, woods and sawdust, glass, paint, metals, handwriting, 
questioned documents, and general types of trace evidence. 
Although usually associated with other types of investigations, 
these types of physical evidence may also become part of a fire 
investigation. The recommended methods of collection of such 
traditional forensic physical evidence vary greatly. As such, the 
fire investigator should consult with the forensic laboratory that 
will examine or test the physical evidence. 
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14.5.3 Collection of Evidence for Accelerant Testing. An 
accelerant is any agent, often an ignitable liquid, used to ini- 
tiate or speed the spread of fire. Accelerant may be found in 
any state: gas, liquid, or solid. Evidence for accelerant testing 
should be collected and tested in accordance with ASTM E 
1387, Standard Test Method for Ignitable Liquid Residues in Extracts 
Jrom Fire Debris Samples by Gas Chromatography, or with ASTM E 
1618, Standard Test Method for Ignitable Liquid Residues in Extracts 
from Five Debris by Gas Chromatography—Mass Spectrometry. 


Liquid accelerants have unique characteristics that are 
directly related to their collection as physical evidence. These 
characteristics include the following: 


(1) Liquid accelerants are readily absorbed by most struc- 
tural components, interior furnishings, and other fire 
debris. 


(2) Generally, liquid accelerants float when in contact with 
water (alcohol is a noted exception). 


(3) Liquid accelerants have remarkable persistence (surviv- 
ability) when trapped within porous material. 


When a canine/handler team is used to detect possible evi- 
dence of accelerant use, the handler should be allowed to 
decide what areas (if any) of a building or site to examine. 
Prior to any search, the handler should carefully evaluate the 
site for safety and health risks such as collapse, falling, toxic 
materials, residual heat, and vapors and should be the final 
arbiter of whether the canine is allowed to search. It should 
also be the handler’s decision whether to search all of a build- 
ing or site, even areas not involved in the fire. 


The canine/handler team can assist with the examination 
of debris (loose or packaged) removed from the immediate 
scene as a screening step to confirm whether the appropriate 
debris has been recovered for laboratory analysis. 


14.5.3.1 Collection of Liquid Samples for Accelerant Testing. 
When a possible liquid accelerant is found in a liquid state, it can 
easily be collected using any one of a variety of methods. Which- 
ever method is employed, however, the fire investigator should 
be certain that the evidence does not become contaminated. 


If readily accessible, the liquid accelerant may be collected 
with a new syringe, eye dropper, pipette, siphoning device, or 
the evidence container itself. Sterile cotton balls or gauze pads 
may also be used to absorb the liquid. This method of collec- 
tion results in the liquid accelerant’s becoming absorbed by 
the cotton balls or gauze pads. The cotton balls or gauze pads 
and their absorbed contents then become the physical evi- 
dence that should be sealed in an airtight container and sub- 
mitted to the laboratory for examination and testing. 


14.5.3.2 Collection of Liquid Evidence Absorbed by Solid Ma- 
terials. Often, liquid accelerant evidence may be found only 
where the liquid accelerant has been absorbed by solid materi- 
als, including soils and sands. This method of collection merely 
involves the collection of these solid materials with their 
absorbed contents. The collection of these solid materials may 
be accomplished by scooping them with the evidence con- 
tainer itself or by cutting, sawing, or scraping. Raw, unsealed, or 
sawed edges, ends, nail holes, cracks, knot holes, and other sim- 
ilar areas of wood, plaster, sheet rock, mortar, or even concrete 
are particularly good areas to sample. If deep penetration is 
suspected, the entire cross section of material should be 
removed and preserved for laboratory evaluation. In some 
solid material, such as soil or sand, the liquid accelerant may 


absorb deeply into the material. The investigator should there- 
fore remove samples from a greater depth. 

In those situations where liquid accelerants are believed to 
have become trapped in porous material, such as a concrete 
floor, the fire investigator may use absorbent materials such as 
lime, diatomaceous earth, or non-self-rising flour. This 
method of collection involves spreading the absorbent onto 
the concrete surface, allowing it to stand for 20 to 30 minutes, 
and securing it in a clean, airtight container. The absorbent is 
then extracted in the laboratory. The investigator should be 
careful to use clean tools and containers for the recovery step 
since the absorbent is easily contaminated. A sample of the 
unused absorbent should be preserved separately for analysis 
as a comparison sample. 


14.5.3.3 Collection of Solid Samples for Accelerant Testing. 
Solid accelerant may be common household materials and 
compounds or dangerous chemicals. Since some incendiary 
materials remain corrosive or reactive, care should be taken in 
packaging to ensure that the corrosive residues do not attack 
the packaging container. In addition, such materials should 
be handled carefully by personnel for their own safety. 


14.5.3.4* Comparison Samples. When physical evidence is 
collected for examination and testing, it is often necessary to 
also collect comparison samples. 

The collection of comparison samples is especially impor- 
tant in the collection of materials that are believed to contain 
liquid or solid accelerant. For example, the comparison sam- 
ple for physical evidence consisting of a piece of carpeting 
believed to contain a liquid accelerant would be a piece of the 
same carpeting that does not contain any of the liquid 
accelerant. Comparison samples allow the laboratory to eval- 
uate the possible contributions of volatile pyrolysis products 
to the analysis and also to estimate the flammability proper- 
ties of the normal fuel present. 

It is recognized that comparison samples may be unavailable 
due to the condition of the fire scene. It is also recognized that 
comparison samples are frequently unnecessary for the valid 
identification of ignitable liquid residue. The determination of 
whether comparison samples are necessary is made by the labo- 
ratory analyst, but because it is usually impossible for an investi- 
gator to return to a scene to collect comparison samples, they 
should be collected at the time of the initial investigation. 

If mechanical or electrical equipment is suspected in the 
fire ignition, exemplar equipment may be identified and col- 
lected or purchased as a comparison sample. 


14.5.3.5* Canine Teams. Properly trained and validated ignit- 
able liquid detection canine/handler teams have proven their 
ability to improve fire investigations by assisting in the location 
and collection of samples for laboratory analysis for the pres- 
ence of ignitable liquids. The proper use of detection canines 
is to assist with the location and selection of samples. 

In order for the presence or absence of an ignitable liquid 
to be scientifically confirmed in a sample, that sample should 
be analyzed by a laboratory in accordance with 14.5.3. Any 
canine alert not confirmed by laboratory analysis should not 
be considered validated. 

Research has shown that canines have responded or have 
been alerted to pyrolysis products that are not produced by an 
ignitable liquid and have not always responded when an ignit- 
able liquid accelerant was known to be present. If an investiga- 
tor feels that there are indicators of an accelerant, samples 
should be taken even in the absence of a canine alert. 
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The canine olfactory system is believed capable of detect- 
ing gasoline at concentrations below those normally cited for 
laboratory methods. The detection limit, however, is not the 
sole criterion or even the most important criterion for any 
forensic technique. Specificity, the ability to distinguish 
between ignitable liquids and background materials, is even 
more important than sensitivity for detection of any ignitable 
liquid residues. Unlike explosive- or drug-detecting dogs, 
these canines are trained to detect substances that are com- 
mon to our everyday environment. The techniques exist today 
for forensic laboratories to detect submicroliter quantities of 
ignitable liquids, but because these substances are intrinsic to 
our mechanized world, merely detecting such quantities is of 
limited evidential value. 

Current research does not indicate which individual chem- 
ical compounds or classes of chemical compounds are the key 
“triggers” for canine alerts. Research reveals that most classes 
of compounds contained in ignitable liquids may be produced 
from the burning of common synthetic materials. Laborato- 
ries that use ASTM guidelines (see Section 14.10) have mini- 
mum standards that define those chemical compounds that 
must be present in order to make a positive determination. 
The sheer variety of pyrolysis products present in fire scenes 
suggests possible reasons for some unconfirmed alerts by 
canines. The discriminatory ability of the canine to distinguish 
between pyrolysis products and ignitable liquids is remarkable 
but not infallible. 

The proper objective of the use of canine/handler teams is 
to assist with the selection of samples that have a higher prob- 
ability of laboratory confirmation than samples selected with- 
out the canine’s assistance. 

Canine ignitable liquid detection should be used in con- 
junction with, and not in place of, the other fire investigation 
and analysis methods described in this guide. 


14.5.4 Collection of Gaseous Samples. During certain types 
of fire and explosion investigations, especially those involving 
fuel gases, it may become necessary for the fire investigator to 
collect a gaseous sample. The collection of gaseous samples 
may be accomplished by several methods, one of which is 
shown in Figure 14.5.4. 


FIGURE 14.5.4 Gathering a gaseous sample. 
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The first method involves the use of commercially available 
mechanical sampling devices. These devices merely draw a 
sample of the gaseous atmosphere and contain it in a sample 
chamber or draw it through a trap of charcoal- or polymer- 
adsorbing material for later analysis. 

Another method is the utilization of evacuated air-sam- 
pling cans. These cans are specifically designed for taking gas- 
eous samples. 


14.5.5 Collection of Electrical Equipment and Components. 
Before attempting to collect electrical equipment or compo- 
nents, the fire investigator should verify that all sources of elec- 
tricity are off or disconnected. All safety procedures described 
in Chapter 10 should be followed. Electrical equipment and 
components may be collected as physical evidence to assist the 
fire investigator in determining whether the component was 
related to the cause of the fire. 

Electrical components, after being involved in a fire, may 
become brittle and subject to damage if mishandled. There- 
fore, methods and procedures used in collection should pre- 
serve, as far as practical, the condition in which the physical 
evidence was found. Before any electrical component is col- 
lected as physical evidence, it should be thoroughly docu- 
mented, including being photographed and diagrammed. 
Electrical wiring can usually be cut easily and removed. This 
type of evidence may consist of a short piece, a severed or 
melted end, or it might be a much longer piece, including an 
unburned section where the wiring’s insulation is still intact. 
The fire investigator should collect the longest section of wir- 
ing practicable so that any remaining insulation can also be 
examined. Before wires are cut, a photograph should be taken 
of the wire(s), and then both ends of the wire should be 
tagged and cut so that they can be identified as one of the fol- 
lowing: 


(1) The device or appliance to which it was attached or from 
which it was severed 

(2) The circuit breaker or fuse number or location to which 
the wire was attached or from which it was severed 

(3) The wire’s path or the route it took between the device 
and the circuit protector 


Electrical switches, receptacles, thermostats, relays, junction 
boxes, electrical distribution panels, and similar equipment and 
components are often collected as physical evidence. It is rec- 
ommended that these types of electrical evidence be removed 
intact, in the condition in which they were found. 

When practical, it is recommended that any fixtures hous- 
ing such equipment and components be removed without dis- 
turbing the components within them. Electrical distribution 
panels, for example, should be removed intact. An alternative 
method, however, would be the removal of individual fuse 
holders or circuit breakers from the panel. If the removal of 
individual components becomes necessary, the fire investiga- 
tor should be careful not to operate or manipulate them while 
being careful to document their position and their function in 
the overall electrical distribution system. 

If the investigator is unfamiliar with the equipment, he or 
she should obtain assistance from someone knowledgeable 
regarding the equipment, prior to disassembly or on-scene 
testing, to prevent damage to the equipment or components. 


14.5.6 Collection of Appliances or Small Electrical Equip- 
ment. Whenever an appliance or other type of equipment is 
believed to be part of the ignition scenario, it is recommended 
that the fire investigator have it examined or tested. Appli- 
ances may be collected as physical evidence to support the fire 
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investigator’s determination that the appliance was or was not 
the cause of the fire. This type of physical evidence may 
include many diverse items, from the large (e.g., furnaces, 
water heaters, stoves, washers, dryers) to the small (e.g., toast- 
ers, coffee pots, radios, irons, lamps). 


Where practical, the entire appliance or item of equipment 
should be collected as physical evidence. This includes any 
electrical power cords or fuel lines supplying or controlling it. 


Where the size or damaged condition of an appliance or 
item of equipment makes it impractical to be removed in its 
entirety, it is recommended that it be secured in place for 
examination and testing. Often, however, only a single compo- 
nent or group of components in an appliance or item of 
equipment may be collected as physical evidence. In that case, 
the fire investigator should strive to ensure that the removal, 
transportation, and storage of such evidence maintains the 
physical evidence in its originally discovered condition. 


14.6 Evidence Containers. Once collected, physical evidence 
should be placed and stored in an appropriate evidence con- 
tainer. Like the collection of the physical evidence itself, the 
selection of an appropriate evidence container also depends 
on the physical state, physical characteristics, fragility, and vol- 
atility of the physical evidence. The evidence container should 
preserve the integrity of the evidence and should prevent any 
change to or contamination of the evidence. 


Evidence containers may be common items, such as enve- 
lopes, paper bags, plastic bags, glass containers, or metal cans, 
or they may be containers specifically designed for certain 
types of physical evidence. The investigator’s selection of an 
appropriate evidence container should be guided by the poli- 
cies and procedures of the laboratory that will examine or test 
the physical evidence or the use to which the evidence will be 
subjected. 


14.6.1 Liquid and Solid Accelerant Evidence Containers. It 
is recommended that containers used for the collection of liq- 
uid and solid accelerant evidence be limited to four types. 
These include metal cans, glass jars, special evidence bags, and 
common plastic evidence bags. 


The fire investigator should be concerned with prevent- 
ing the evaporation of the accelerant and preventing its con- 
tamination. It is important, therefore, that the container 
used be completely sealed to prohibit such evaporation or 
contamination. 


14.6.1.1 Metal Cans. The recommended container for the 
collection of liquid and solid accelerant evidence is an 
unused, clean metal can, as shown in Figure 14.6.1.1. In order 
to allow space for vapors to collect, the can should be not more 
than two-thirds full. 


The advantages of using metal cans include their availabil- 
ity, economic price, durability, and ability to prevent the evap- 
oration of volatile liquids. 


The disadvantages, however, include the inability to view 
the evidence without opening the container, the space 
requirements for storage, and the tendency of the container 
to rust when stored for long periods of time. If metal cans are 
used to store bulk quantities of volatile liquids, such as gaso- 
line, high storage temperatures [above 100°F (38°C)] can 
produce sufficient vapor pressure to force the lid open and 
cause loss of sample. For such samples, glass jars may be more 
appropriate. 


FIGURE 14.6.1.1 Various types of metal cans. 


14.6.1.2 Glass Jars. Glass jars can also be used for the collec- 
tion of liquid and solid accelerant evidence. It is important 
that the jars not have glued cap liners or rubber seals, espe- 
cially when bulk liquids are collected. The glue often contains 
traces of solvent that can contaminate the sample, and rubber 
seals can soften or even dissolve in the presence of liquid 
accelerants or their vapors, allowing leakage or loss of the sam- 
ple. In order to allow space for vapor samples to be taken dur- 
ing examination and testing, the glass jar should be not more 
than two-thirds full. 


The advantages of using glass jars include their availability, 
their low price, the ability to view the evidence without open- 
ing the jar, the ability to prevent the evaporation of volatile liq- 
uids, and their lack of deterioration when stored for long 
periods of time. 


The disadvantages, however, include their tendency to 
break easily and their physical size, which often prohibits the 
storage of large quantities of physical evidence. 


14.6.1.3 Special Evidence Bags. Special bags, designed spe- 
cifically for liquid and solid accelerant evidence, can also be 
used for collection. Unlike common plastic evidence bags, 
these special evidence bags do not have a chemical composi- 
tion that can cause erroneous test results during laboratory 
examination and during testing of the physical evidence con- 
tained in such bags. 


The advantages of using special evidence bags include their 
availability in a variety of shapes and sizes, their economic 
price, the ability to view the evidence without opening the bag, 
their ease of storage, and the ability to prevent the evaporation 
of volatile liquids. 


The disadvantages, however, are that they are susceptible 
to being damaged easily, resulting in the contamination of the 
physical evidence contained in them, and they may be difficult 
to seal adequately. 


14.6.1.4 Common Plastic Bags. While they are not generally 
usable for volatile evidence, common (polyethylene) plastic 
bags can be used for some evidence packaging. They can be 
used for packaging incendiary devices or solid accelerant res- 
idues, but they could be permeable, allowing for loss and 
contamination. 
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The advantages of using common plastic bags include their 
availability in a variety of shapes and sizes, their economic 
price, the ability to view the evidence without opening the bag, 
and their ease of storage. 

The disadvantages, however, are their susceptibility to easy 
damage (tearing and penetration), resulting in the contami- 
nation of the physical evidence contained in them, and their 
marked inability to retain light hydrocarbons and alcohols, 
resulting in loss of the sample, misidentification, or cross-con- 
tamination between containers in the same box. 


14.7 Identification of Physical Evidence. All evidence should 
be marked or labeled for identification at the time of collection. 

Recommended identification includes the name of the fire 
investigator collecting the physical evidence, the date and 
time of collection, an identification name or number, the case 
number and item designation, a description of the physical 
evidence, and where the physical evidence was located. This 
can be accomplished directly on the container (see Figure 14.7) 
or on a preprinted tag or label that is then securely fastened to 
the container. 


FIGURE 14.7 Marking of the evidence container. 


The fire investigator should be careful that the identifica- 
tion of the physical evidence cannot be easily damaged, lost, 
removed, or altered. The fire investigator also should be care- 
ful that the placement of the identification, especially adhe- 
sive labels, does not interfere with subsequent examination or 
testing of the physical evidence at the laboratory. 


14.8 Transportation and Storage of Physical Evidence. Trans- 
portation of physical evidence to the laboratory or testing 
facility can be done either by hand delivery or by shipment. 


14.8.1 Hand Delivery. Whenever possible, it is recommended 
that physical evidence be hand delivered for examination and 
testing. Hand delivery minimizes the potential of the physical 
evidence becoming damaged, misplaced, or stolen. 

During such hand delivery, the fire investigator should take 
every precaution to preserve the integrity of the physical evi- 
dence. It is recommended that the physical evidence remain 
in the immediate possession and control of the fire investiga- 
tor until arrival and transfer of custody at the laboratory or 
testing facility. 

The fire investigator should define the scope of the exami- 
nation or testing desired in writing. This request should 
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include the name, address, and telephone number of the fire 
investigator; a detailed listing of the physical evidence being 
submitted for examination and testing; and any other infor- 
mation required, dependent on the nature and scope of the 
examination and testing requested. This request may also 
include the facts and circumstances of the incident yielding 
the physical evidence. 


14.8.2 Shipment. It may sometimes become necessary to ship 
physical evidence to a laboratory or testing facility for exami- 
nation and testing. When shipping becomes necessary, the fire 
investigator should take every precaution to preserve the 
integrity of that physical evidence. 

The fire investigator should choose a container of suffi- 
cient size to adequately hold all of the individual evidence con- 
tainers from a single investigation. Physical evidence from 
more than one investigation should never be placed in the 
same shipment. 

The individual evidence container should be packaged 
securely within the shipping container. A letter of transmittal 
should be included. The letter of transmittal is a written 
request for laboratory examination and testing. It should 
include the name, address, and telephone number of the fire 
investigator; a detailed listing of the physical evidence being 
submitted for examination and testing; the nature and scope 
of the examination and testing desired; and any other infor- 
mation required, depending on the nature and scope of the 
examination and testing requested. This letter of transmittal 
may also include the facts and circumstances of the incident 
yielding the physical evidence. 

The sealed package should be shipped by registered 
United States mail or any commercial courier service. The fire 
investigator should, however, always request return receipts 
and signature surveillance. 


14.8.2.1 Shipping Electrical Evidence. In addition to the pro- 
cedures described in 14.8.2, the investigator should be aware 
that some electrical equipment components with sensitive 
electromechanical components may not be suitable for ship- 
ment. Examples include certain circuit breakers, relays, or 
thermostats. The fire investigator should consult personnel at 
laboratory or testing facilities for advice on how to transport 
the evidence. 


14.8.2.2 Volatile or Hazardous Materials. The fire investiga- 
tor is cautioned about shipping volatile or hazardous materi- 
als. The investigator should ensure that such shipments are 
made in accordance with applicable federal, state, and local 
law. When dealing with volatile evidence, it is important that 
the evidence be protected from extremes of temperature. 
Freezing or heating of the volatile materials may affect lab test 
results. Generally, the lower the temperature at which the evi- 
dence is stored, the better the volatile sample will be pre- 
served, but it should not be allowed to freeze. 


14.8.3 Storage of Evidence. Physical evidence should be 
maintained in the best possible condition until it is no longer 
needed. It should always be protected from loss, contamination, 
and degradation. Heat, sunlight, and moisture are the chief 
sources of degradation of most kinds of evidence. Dry and dark 
conditions are preferred, and the cooler the better. Refrigera- 
tion of volatile evidence is strongly recommended. If a sample 
is being collected for fire-debris analysis, it may be frozen, since 
freezing will prevent microbial and other biological degrada- 
tion. However, freezing may interfere with flash point or other 
physical tests and may burst water-filled containers. 
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14.9 Chain of Custody of Physical Evidence. The value of phys- 
ical evidence entirely depends on the fire investigator’s efforts to 
maintain the security and integrity of that physical evidence from 
the time of its initial discovery and collection to its subsequent 
examination and testing. At all times after its discovery and collec- 
tion, physical evidence should be stored in a secured location 
that is designed and designated for this purpose. Access to this 
storage location should be limited in order to limit the chain of 
custody to as few persons as possible. Wherever possible, the 
desired storage location is one that is under the sole control of 
the fire investigator. 

When it is necessary to pass chain of custody from one per- 
son to another, it should be done using a form on which the 
receiving person signs for the physical evidence. Figure 14.9 
shows an example of such a form. 


FIGURE 14.9 Chain of custody form. 


Crime Scene Search Evidence Report 


Name of subject 


Offense 
Date of incident 
Search officer 


Evidence description 


Location 


Chain of Possession 
Received from 

By 
Date 
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By 
Date 


Received from 


By 
Date 


Received from 


By 
Date 


14.10 Examination and Testing of Physical Evidence. Once 
collected, physical evidence is usually examined and tested in 
a laboratory or other testing facility. Physical evidence may be 
examined and tested to identify its chemical composition; to 
establish its physical properties; to determine its conformity or 
lack of conformity to certain legal standards; to establish its 
operation, inoperation, or malfunction; to determine its 
design sufficiency or deficiency, or other issues that will pro- 
vide the fire investigator with an opportunity to understand 
and determine the origin of a fire, the specific cause of a fire, 
the contributing factors to a fire’s spread, or the responsibility 
for a fire. The investigator should consult with the laboratory 
or other testing facility to determine what specific services are 
provided and what limitations are in effect. 


14.10.1 Laboratory Examination and Testing. A wide variety 
of standardized tests are available, depending on the physical 
evidence and the issue or hypothesis being examined or 
tested. Such tests should be performed and carried out by pro- 
cedures that have been standardized by some recognized 
group. Such conformance better ensures that the results are 
valid and that they will be comparable to results from other 
laboratories or testing facilities. 

It should be noted that the results of many laboratory 
examinations and tests may be affected by a variety of factors. 
These factors include the abilities of the person conducting 
or interpreting the test, the capabilities of the particular test 
apparatus, the maintenance or condition of the particular 
test apparatus, sufficiency of the test protocol, and the qual- 
ity of the sample or specimen being tested. Fire investigators 
should be aware of these factors when using the interpreta- 
tions of test results. 

If it is determined that testing might alter the evidence, 
interested parties should be notified prior to testing to allow 
them an opportunity to object or be present at the testing. 
Guidance regarding notification can be found in ASTM E 860, 
Standard Practice for Examining and Testing Items That Are or May 
Become Involved in Product Liability Litigation. (See also 14.5.3.4.) 


14.10.2 Test Methods. The following is a listing of selected 
analytical methods and tests that are applicable to certain fire 
investigations. When utilizing laboratories to perform any of 
these tests, investigators should be aware of the quality of the 
laboratory results that can be expected. 


14.10.2.1 Gas Chromatography (GC). The test method sepa- 
rates the mixtures into their individual components and 
then provides a graphical representation of each component 
and its relative amount. The method is useful for mixtures of 
gases or liquids that can be vaporized without decomposi- 
tion. Gas chromatography is sometimes a preliminary test 
that may indicate the need for additional testing to specifi- 
cally identify the components. For most petroleum distillate 
accelerants, gas chromatography provides adequate charac- 
terization if conducted according to accepted methods. 
These methods are described in ASTM E 1387, Standard Test 
Method for Ignitable Liquid Residues in Extracts from Fire Debris 
Samples by Gas Chromatography. 


14.10.2.2 Mass Spectrometry (MS). This test method is usu- 
ally employed in conjunction with gas chromatography. The 
method further analyzes the individual components that have 
been separated during gas chromatography. Methods of GC/ 
MS analysis are described in ASTM E 1618, Standard Test 
Method for Ignitable Liquid Residues in Extracts from Fire Debris by 
Gas Chromatography—Mass Spectrometry. 


14.10.2.3 Infrared Spectrophotometer (IR). This test method 
can identify some chemical species by their ability to absorb 
infrared light in specific wavelength regions. 


14.10.2.4 Atomic Absorption (AA). This test method identi- 
fies the individual elements in nonvolatile substances such as 
metals, ceramics, or soils. 


14.10.2.5 X-Ray Fluorescence. This test analyzes for metallic 
elements by evaluating an element’s response to X-ray photons. 


14.10.2.6 Flash Point by Tag Closed Tester (ASTM D 56). This 
test method, from ASTM D 56, Standard Test Method for Flash 
Point by Tag Closed Tester, covers the determination of the flash 
point, by tag closed tester, of liquids having low viscosity and a 
flash point below 200°F (93°C). Asphalt and those liquids that 
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tend to form a surface film under test conditions and materials 
that contain suspended solids are tested using the Pensky-Mar- 
tens (see 14.10.2.8) closed tester. 


14.10.2.7 Flash and Fire Points by Cleveland Open Cup 
(ASTM D 92). This test method, from ASTM D 92, Standard 
Test Method for Flash and Fire Points by Cleveland Open Cup, covers 
determination of the flash and fire points of all petroleum 
products (except oils) and those products having an open-cup 
flash point below 175°F (79°C). 


14.10.2.8 Flash Point by Pensky-Martens Closed Tester 
(ASTM D 93). This test method, from ASTM D 93, Standard 
Test Method for Flash Point by Pensky-Martens Closed Cup Tester, 
covers the determination of the flash point by Pensky-Martens 
closed-cup tester of fuel oils, lubricating oils, suspensions of 
solids, liquids that tend to form a surface film under test con- 
ditions, and other liquids. 


14.10.2.9 Flash Point and Fire Point of Liquids by Tag Open- 
Cup Apparatus (ASTM D 1310). This test method, from ASTM 
D 1310, Standard Test Method for Flash Point and Fire Point of Lig- 
uids by Tag Open-Cup Apparatus, covers the determination by tag 
open-cup apparatus of the flash point and fire point of liquids 
having flash points between 0°F and 325°F (-18°C and 163°C) 
and fire points up to 325°F (163°C). 


14.10.2.10 Flash Point by Setaflash Closed Tester (ASTM D 
3828). This test method, from ASTM D 3828, Standard Test 
Methods for Flash Point by Small Scale Closed Tester, covers proce- 
dures for the determination of flash point by a Setaflash closed 
tester. Setaflash methods require smaller specimens than the 
other flash point tests. 


14.10.2.11 Autoignition Temperature of Liquid Chemicals 
(ASTM E 659). This test method, from ASTM E 659, Standard 
Test Method for Autoignition Temperature of Liquid Chemicals, cov- 
ers the determination of hot- and cool-flame autoignition tem- 
peratures of a liquid chemical in air at atmospheric pressure 
in a uniformly heated vessel. 


14.10.2.12 Heat of Combustion of Hydrocarbon Fuels by Bomb 
Calorimeter (High-Precision Method) (ASTM D 2382). This test 
method, from ASTM D 2382, Standard Test Method for Heat of Com- 
bustion of Hydrocarbon Fuels by Bomb Calorimeter (High Precision 
Method), covers the determination of the heat of combustion of 
hydrocarbon fuels. It is designed specifically for use with aviation 
fuels when the permissible difference between duplicate deter- 
minations is of the order of 0.1 percent. It can be used for a wide 
range of volatile and nonvolatile materials where slightly greater 
differences in precision can be tolerated. 


14.10.2.13 Flammability of Apparel Textiles (ASTM D 
1230). This test method, from ASTM D 1230, Standard Test 
Method for Flammability of Apparel Textiles, covers the evaluation 
of the flammability of textile fabrics as they reach the con- 
sumer for or from apparel other than children’s sleepwear or 
protective clothing. 


14.10.2.14 Cigarette Ignition Resistance of Mock-up Uphol- 
stered Furniture Assemblies (ASTM E 1352). This test method, 
from ASTM E 1352, Standard Test Method for Cigarette Ignition Resis- 
tance of Mock-up Upholstered Furniture Assemblies, is intended to 
cover the assessment of the resistance of upholstered furniture 
mock-up assemblies to combustion after exposure to smoldering 
cigarettes under specified conditions. 


2001 Edition 


14.10.2.15 Cigarette Ignition Resistance of Components of 
Upholstered Furniture (ASTM E 1353). This test method, 
from ASTM E 1353, Standard Test Methods for Cigarette Ignition 
Resistance of Components of Upholstered Furniture, is intended to 
evaluate the ignition resistance of upholstered furniture com- 
ponent assemblies when exposed to smoldering cigarettes 
under specified conditions. 


14.10.2.16 Flammability of Finished Textile Floor-Covering 
Materials (ASTM D 2859). This test method, from ASTM D 
2859, Standard Test Method for Flammability of Finished Textile 
Floor Covering Materials, covers the determination of the flam- 
mability of finished textile floor covering materials when 
exposed to an ignition source under controlled laboratory 
conditions. It is applicable to all types of textile floor coverings 
regardless of the method of fabrication or whether they are 
made from natural or manmade fibers. Although this test 
method may be applied to unfinished material, such a test is 
not considered satisfactory for the evaluation of a textile floor- 
covering material for ultimate consumer use. 


14.10.2.17 Flammability of Aerosol Products (ASTM D 
3065). This test method, from ASTM D 3065, Standard Test 
Methods for Flammability of Aerosol Products, covers the determi- 
nation of flammability hazards for aerosol products. 


14.10.2.18 Surface Burning Characteristics of Building Mate- 
rials (ASTM E 84). This test method, from ASTM E 84, Stan- 
dard Test Method for Surface Burning Characteristics of Building 
Materials, for the comparative surface burning behavior of 
building materials, is applicable to exposed surfaces, such as 
ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which 
it is tested and intended for use, is capable of supporting itself 
in position or being supported during the test period. This test 
is conducted with the material in the ceiling position. This test 
is not recommended for use with cellular plastic. 


14.10.2.19 Fire Tests of Roof Coverings (ASTM E 108). This 
test method, from ASTM E 108, Standard Test Method for Fire 
Tests of Roof Coverings, covers the measurement of relative fire 
characteristics of roof coverings under simulated fire originat- 
ing outside the building. It is applicable to roof coverings 
intended for installation on either combustible or noncom- 
bustible decks, when applied as intended for use. 


14.10.2.20 Critical Radiant Flux of Floor-Covering Systems 
Using a Radiant Heat Energy Source (ASTM E 648). This test 
method, from ASTM E 648, Standard Test Method for Critical 
Radiant Flux of Floor-Covering Systems Using a Radiant Heat Energy 
Source, describes a procedure for measuring the critical radi- 
ant flux of horizontally mounted floor covering systems 
exposed to a flaming ignition source in graded radiant heat 
energy environment in a test chamber. The specimen can be 
mounted over underlayment or to a simulated concrete struc- 
tural floor, bonded to a simulated structural floor, or other- 
wise mounted in a typical and representative way. 


14.10.2.21 Room Fire Experiments (ASTM E 603). This guide, 
ASTM E 603, Standard Guide for Room Fire Experiments, covers full- 
scale compartment fire experiments that are designed to evalu- 
ate the fire characteristics of materials, products, or systems 
under actual fire conditions. It is intended to serve as a guide 
for the design of the experiment and for the interpretation of 
its results. ASTM E 603 may be used as a guide for establishing 
laboratory conditions that simulate a given set of fire conditions 
to the greatest extent possible. 
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14.10.2.22 Concentration Limits of Flammability of Chemi- 
cals (ASTM E 681). This test method, from ASTM E 681, Sian- 
dard Test Method for Concentration Limits of Flammability of Chem- 
icals, covers the determination of the lower and upper 
concentration limits of flammability of chemicals having suffi- 
cient vapor pressure to form flammable mixtures in air at 1 
atmosphere pressure at the test temperature. This method 
may be used to determine these limits in the presence of inert 
dilution gases. No oxidant stronger than air should be used. 


14.10.2.23 Measurement of Gases Present or Generated Dur- 
ing Fires (ASTM E 800). Analytical methods for the measure- 
ment of carbon monoxide, carbon dioxide, oxygen, nitrogen 
oxides, sulfur oxides, carbonyl sulfide, hydrogen halide, hydro- 
gen cyanide, aldehydes, and hydrocarbons are described in 
ASTM E 800, Standard Guide for Measurement of Gases Present or 
Generated During Fives, along with sampling considerations. Many 
of these gases may be present in any fire environment. Several 
analytical techniques are described for each gaseous species, 
together with advantages and disadvantages of each. The test 
environment, sampling constraints, analytical range, and accu- 
racy often dictate use of one analytical method over another. 


14.10.2.24 Heat and Visible Smoke Release Rates for Mate- 
rials and Products (ASTM E 906). This test method, from 
ASTM E 906, Standard Test Method for Heat and Visible Smoke 
Release Rates for Materials and Products, can be used to deter- 
mine the release rates of heat and visible smoke from mate- 
rials and products when exposed to different levels of radiant 
heat using the test apparatus, specimen configurations, and 
procedures described in this test method. 


14.10.2.25 Pressure and Rate of Pressure Rise for Combusti- 
ble Dusts (ASTM E 1226). This test method, from ASTM E 
1226, Test Method for Pressure and Rate of Pressure Rise for Combus- 
tible Dusts, can be used to measure composition limits of 
explosibility, ease of ignition, and explosion pressures of dusts 
and gases, 


14.10.2.26 Heat and Visible Smoke Release Rates for Materi- 
als and Products Using an Oxygen Consumption Calorimeter 
(ASTM E 1354). This test method, from ASTM E 1354, Stan- 
dard Test Method for Heat and Visible Smoke Release Rates for Mate- 
rials and Products Using an Oxygen Consumption Calorimeter, is a 
bench-scale laboratory instrument for measuring heat release 
rate, radiant ignitability, smoke production, mass loss rate, 
and certain toxic gases of materials. 


14.10.2.27 Ignition Properties of Plastics (ASTM D 1929). This 
test method, from ASTM D 1929, Standard Test Method for Deter- 
mining Ignition Temperature of Plastics, covers a laboratory deter- 
mination of the self-ignition and flash-ignition temperatures 
of plastics using a hot-air ignition furnace. 


14.10.2.28 Flammability of Apparel Fabrics by Semi-Restraint 
Method (ASTM D 3659). This test method, from ASTM D 
3659, Standard Test Method for Flammability of Apparel Fabrics by 
Semi-Restraint Method, covers the evaluation of the flammable 
properties of fabrics in a vertical configuration. 


14.10.2.29 Dielectric Withstand Voltage (Mil-Std—202F Meth- 
od 301). This test method, from Mil-Std—202F, Test Method for 
Electronic and Electrical Components, also called high-potential/, 
over-potential/, voltage-breakdown/, or dielectric-strength/ 
test, consists of the application of a voltage higher than rated 


voltage for a specific time between mutually insulated portions 
of a component part or between insulated portions and 
ground. 


14.10.2.30 Insulation Resistance (Mil-Std—202F Method 
302). This test, from Mil-Std—202F, Test Method for Electronic 
and Electrical Components, measures the resistance offered by 
the insulating members of a component part to an impressed 
direct voltage tending to produce a leakage current through 
or on the surface of these members. 


14.10.3 Sufficiency of Samples. Fire investigators often mis- 
understand the abilities of laboratory personnel and the 
capabilities of their scientific laboratory equipment. These 
misconceptions usually result in the fire investigator’s col- 
lecting a quantity of physical evidence that is too small to 
examine or test. 


Certainly, the fire investigator will not always have the 
opportunity to determine the quantity of physical evidence he 
or she can collect. Often, the fire investigator can collect only 
that quantity that is discovered during his or her investigation. 


Each laboratory examination or test requires a certain min- 
imum quantity of physical evidence to facilitate proper and 
accurate results. The fire investigator should be familiar with 
these minimum requirements. The laboratory that examines 
or tests the physical evidence should be consulted concerning 
these minimum quantities. 


14.10.4 Comparative Examination and Testing. During the 
course of certain fire investigations, the fire investigator may 
wish to have appliances, electrical equipment, or other prod- 
ucts examined to determine their compliance with recognized 
standards. Such standards are published by the American Soci- 
ety for Testing and Materials, Underwriters Laboratories Inc., 
and other agencies. 


Another method of comparative examination and testing 
involves the use of an exemplar appliance or product. Utiliz- 
ing an exemplar allows the testing of an undamaged example 
of a particular appliance or product to determine whether or 
not it was capable of causing the fire. The sample should be 
the same make and model as the product involved in the fire. 


14.11 Evidence Disposition. The fire investigator is often 
faced with disposing of evidence after an investigation has 
been completed. The investigator should not destroy or dis- 
card evidence unless proper authorization is received. Cir- 
cumstances may require that evidence be retained for many 
years and ultimately may be returned to the owner. 


Criminal cases such as arson require that the evidence be 
kept until the case is adjudicated. During the trial, evidence 
submitted — such as reports, photographs, diagrams, and 
items of physical evidence — will become part of the court 
record and will be kept by the courts. Volatile or large physical 
items may be returned to the investigator by the court. There 
may be other evidence still in the investigator’s possession that 
was not used in the trial. Once all appeals have been 
exhausted, the investigator may petition the court to either 
destroy or distribute all of the evidence accordingly. A written 
record of authorization to dispose of the evidence should be 
kept. The criminal investigator should be mindful of potential 
civil cases resulting from this incident, which may require 
retention of the evidence beyond the criminal proceedings. 
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Chapter 15 Origin Determination 


15.1 Introduction. This chapter recommends a procedure to 
follow in determining the origin of a fire. Chapter 16 further 
develops the investigative efforts based on the results from the 
origin determination. Generally, if the origin of a fire cannot 
be determined, the cause cannot be determined. 


Determination of the origin of the fire frequently involves 
the coordination of information derived from the following: 


(1) The physical marks (fire patterns) left by the fire 


(2) The observations reported by persons who witnessed the 
fire or were aware of conditions present at the time of the 
fire 


(3) The analysis of the physics and chemistry of fire initia- 
tion, development, and growth as an instrument to 
related known or hypothesized fire conditions capable of 
producing those conditions 


(4) Noting the location where electrical arcing has caused 
damage and the electrical circuit involved (see Section 
6.10) 


In some instances, a single item, such as an irrefutable arti- 
cle of physical evidence or dependable eyewitness to the initi- 
ation, can be the basis for a conclusive determination of 
origin. In most cases, however, no single item is sufficient in 
itself. The investigator then should use all of the available 
resources in developing potential scenarios and determining 
which scenarios plausibly fit all of the evidence available. 
When an apparently plausible scenario fails to fit some item of 
evidence, it is critical that the investigator determine whether 
the scenario or the evidence is erroneous. In some cases, it will 
be impossible to unquestionably fix the origin of a fire. It is 
important that the determination of a single point of origin 
not be made unless the evidence is conclusive. Where a single 
point cannot be identified, it can still be valuable for many 
purposes to identify possible sources of origin. In such 
instances, the investigator should provide a complete list of 
plausible explanations for the origin with the supporting evi- 
dence for each option. 


The various activities of origin determination often occur 
simultaneously with those of cause investigation and failure 
analysis. Likewise, recording the scene, note taking, photogra- 
phy, and evidence identification and collection are performed 
simultaneously with these efforts. Generally, the various activ- 
ities of origin determination will follow a routine sequence, 
while the specific actions within each activity are taking place 
at the same time. 


The area of origin is almost always determined by examin- 
ing the fire pattern evidence of the fire scene, starting with the 
areas of least damage and moving toward the areas of greatest 
damage. If identifiable, movement and intensity fire patterns 
should be traced back to an area or point of origin. Once the 
area of origin has been established, the investigator should be 
able to understand and document the fire spread. The pur- 
pose of determining the origin of the fire is to identify the geo- 
graphical location where the fire began. Once the area of 
origin has been determined, based on the patterns produced 
by the movement of heat, flame, and smoke, then the specific 
location of the origin can be identified. The specific origin will 
be where the heat ignited the first fuel and is commonly 
referred to as the point of origin. 
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Investigators should establish a systematic procedure to 
follow for each type of incident. By following a familiar pro- 
cedure, the investigator can concentrate on the incident at 
hand and need not dwell on the details of what the next step 
in the procedure will be. More important, the investigator 
may avoid inadvertently overlooking a significant facet of the 
investigation. 


This chapter discusses a recommended procedure for the 
examination of the fire scene evidence. Basically, this proce- 
dure consists of a preliminary scene examination, develop- 
ment of a preliminary fire-spread scenario, an in-depth 
examination of the fire scene, a fire scene reconstruction, 
development of a final fire-spread scenario, and identification 
of the fire’s origin. 


Throughout this chapter, the discussion addresses the 
recommended technique to follow when examining fire 
scene evidence. This technique serves to inform the investi- 
gator but is not meant to limit the origin determination to 
only this procedure. All aspects of the fire event should be 
considered by the investigator during the investigation. Such 
aspects as witness statements, the investigator’s expertise, 
and fire-fighting procedures play important roles in the 
determination of the fire origin. However, these aspects are 
addressed in other areas of this guide and in other texts on 
these subjects. 


15.2 Fire Damage Assessment. Investigators will be making 
assessments of fire spread throughout the examination of the 
scene. These assessments include recognizing and document- 
ing heat movement and intensity patterns and analyzing the 
importance and direction of each pattern found. (See Chapters 4 
and 13.) 


15.2.1 Notes. During this process, the investigator should 
be making detailed, written or tape-recorded notes. These 
notes should list all the pertinent observations, including the 
type, location, description, and measurements of the pat- 
terns; the material on which the patterns are displayed; and 
the investigator’s analysis of the direction and intensity of the 
patterns. 


15.2.2 Photography. The patterns should be photographed 
several different ways to effectively show their shape, size, 
relationship to other patterns, and the location within the 
fire scene. These variations should include changes in the 
viewing angle of the camera when documenting the pattern 
and different lighting techniques to highlight the texture of 
the pattern. 


15.2.3* Vector Diagrams. The use of heat and flame vector 
diagrams can be a very useful tool for analysis by the investiga- 
tor. Vectoring is applied by constructing a diagram of the 
scene. The diagram should include walls, doorways and doors, 
windows, and any pertinent furnishings or contents. Then, 
through the use of arrows, the investigator notes his or her 
interpretations of the direction of heat or flame spread based 
upon the identifiable fire patterns present. The arrows can 
point in the direction of fire travel from the heat source, or 
point back toward the heat source, as long as the direction of 
the vectors is consistent throughout the diagram. The arrows 
can be labeled to show any one of several variable factors, such 
as temperature, duration of heating, heat flux, or intensity. An 
example is shown in Figure 15.2.3. 
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FIGURE 15.2.3 Heat and vector analysis diagram showing 
vectors of the physical size and direction of heat travel of the 
fire pattern. (Source: Kennedy and Shanley, “USFA Fire Burn 
Pattern Tests — Program for the Study of Fire Patterns. ”) 


E 
oy Dresser N <— s 
Ww 


Bed Closet 


6 ft 4 in. (1.9 m) i 


Window height 


- ® 
oa 
ries 


Complementary vectors can be added together to show 
actual heat movement directions. In that case, the investigator 
should clearly identify which vectors represent actual fire pat- 
terns and which vectors represent heat flow derived from the 
investigator’s interpretations of these patterns. A vector dia- 
gram can give the investigator an overall viewpoint to analyze. 
The diagram can also be used to identify any conflicting pat- 
terns that need to be explained. 

An important point to be made regarding this discussion is 
the terminology heat source and source of heat. These terms are 
not synonymous with the origin of the fire. Instead, these 
terms relate to any heat source that creates an identifiable fire 
pattern. The heat source may or may not be generated by the 
initial fuel. An example of this would be a fire that spreads into 
a garage and ignites the flammable liquids stored there. These 
flammable liquids then produce a new heat source that pro- 
duces fire patterns on the garage’s surfaces. Therefore it is 
imperative that the use of heat and flame vector analysis be 
tempered by an accurate understanding of the progress of the 
fire and basic fire dynamics. 


15.2.4 Depth-of-Char Survey Grid Diagrams. The investiga- 
tor should record in his or her notes the results of any depth- 
of-char surveys that are conducted. This notation should be 
documented in the notes as well as on a drawn diagram. For 
analysis purposes, the investigator can construct a depth-of- 
char grid diagram. On this diagram, the char measurements 
are recorded on graph paper to a convenient scale. Once the 
depth-of-char measurements have been recorded on the dia- 
gram, lines are drawn connecting points of equal, or nearly 
equal, char depths. The resulting “isochars” may display iden- 
tifiable lines of demarcation and intensity patterns. 


15.3 Preliminary Scene Assessment. An initial assessment 
should be made of the fire scene. This assessment should 
begin from the areas of least damage to the areas of greatest 
damage and should include an overall look at the structure, 
both exterior and interior, and at all pertinent areas surround- 
ing the building. The purpose of this initial examination is to 
determine the scope of the investigation, such as equipment 
and manpower needed, to determine the safety of the fire 
scene, and to determine the areas that warrant further study. 

Descriptions of all locations should be as precise as possi- 
ble. Directions should be oriented to a compass or to a refer- 
ence, such as the front of the structure. In every instance, the 


location, and any related discussion, should be stated in such 
a fashion that others using the description can clearly locate 
the area in question. 


15.3.1 Surrounding Areas. Investigators should include in 
their examination the areas around the structure. These areas 
may exhibit significant evidence or fire patterns, away from the 
involved structure, that enable the investigator to better define 
the site and the investigation. Anything of interest should be 
documented as to its location in reference to the structure. 

Surrounding areas should be examined for evidence that 
may relate to the incident, such as contents from the burned 
structure and fire patterns. This phase of the examination can 
be used to canvas the neighborhood for witnesses to the fire 
and for persons who could provide information about the 
building that burned. 


15.3.2 Weather. Analyze weather factors that may have influ- 
enced the fire. The surrounding area may provide evidence of 
the weather conditions. Wind direction may be indicated by 
smoke movement or by fire damage on the surrounding struc- 
tures or vegetation. 


15.3.3 Structural Exterior. A walk around the entire struc- 
ture may reveal the extent and location of damage and may 
help determine the size of the scene that should be examined 
as well as the possibility of extension from an outside fire 
source. The construction and use of the structure should be 
noted. The construction refers to how the building was built, 
types of materials used, exterior surfaces, previous remodel- 
ing, and any unusual features that may have affected how the 
fire began and spread. A significant consideration is the 
degree of destruction that can occur in a structure consisting 
of mixed types and methods of construction. For instance, if a 
structure consists of two parts, one built in the early 1900s and 
the second built in the 1960s, the degree of destruction can 
vary considerably within these two areas, with all other influ- 
encing factors being equal. 

The nature of occupancy refers to the current use of the 
building. Use is defined as the activities conducted; the man- 
ner in which such activities are undertaken; and the type, 
number, and condition of those individuals occupying the 
space. If the use of the building has changed from what it was 
originally built for, this change should be considered. 

The fire damage on the exterior should be noted to assist 
in determining those areas that warrant further study. An in- 
depth examination of the damage is not necessary at this point 
in the investigation. 


15.3.4 Structure Interior. On the initial assessment, investi- 
gators should examine all rooms and areas of the structure. 
The investigator should be observant of conditions of occu- 
pancy, including methods of storage, nature of contents, and 
shape of living conditions. The type of construction and sur- 
face covering should be noted. Moving from the least burned 
to the most burned areas, indicators of smoke and heat move- 
ment, areas of fire damage, and extent of damage in each area 
— severe, moderate, minor, or none — should be noted. This 
damage should be compared with the damage seen on the 
exterior. The investigator should use this opportunity to assess 
the soundness of the structure so that the safety of the struc- 
ture can be determined. See Chapter 10 for further informa- 
tion regarding safety. 

The primary purpose of the preliminary interior assess- 
ment is to identify the areas that require closer examination. 
Therefore, the investigator should be observant for possible 
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fire origins, fire patterns, fuel loading, burning, and potential 
ignition sources. 

During this assessment, the investigator should note any 
indication of post-fire site alterations. Site alterations can 
include debris removal or movement, content removal or 
movement, electrical service panel alterations to facilitate tem- 
porary lighting, and gas meter removal. Such alterations can 
greatly affect the investigator’s interpretation of the physical 
evidence. If site alterations are indicated, the persons who 
altered the site should be questioned as to the extent of their 
alterations and the documentation they may have of the unal- 
tered site. 

At the conclusion of the preliminary scene assessment, the 
investigator should have determined the safety of the fire 
scene, the probable staffing and equipment requirements, 
and the areas around and in the structure that will require a 
detailed inspection. The preliminary scene assessment is an 
important aspect of the investigation. The investigator should 
take as much time in this assessment as is needed to make 
these determinations. Time spent in this endeavor will save 
much time and effort in later steps of the investigation. 


15.4 Preliminary Scenario Development. The identification of 
areas of interest results from formulating a preliminary scenario 
as to how the fire spread through the structure. This prelimi- 
nary scenario is developed by noting the areas of greater 
destruction and lesser destruction and by attempting to track 
the fire back to its source. Such a scenario allows the investigator 
to organize and plan for the work to be done. The development 
of the preliminary scenario is a critical point in the investiga- 
tion. It is important at this stage that the investigator attempt to 
identify any other feasible scenarios and, through the remain- 
ing course of the investigation, keep these alternative scenarios 
under consideration until or at such time as conclusive evi- 
dence or rationale is developed for setting them aside. 

One very important consideration should be kept in mind, 
however. The investigation should not be planned solely to 
prove the preliminary scenario to the detriment of maintain- 
ing an unbiased mind. The investigation is intended to iden- 
tify all facts that exist and to use those facts to develop 
opinions based on sound fire science principles and experi- 
ence. The investigative effort may cause the scenario to 
change many times before the final opinion is formed. These 
changes are why the scenario should be considered prelimi- 
nary until the investigation is completed. A narrow-minded 
approach to this effort prevents the normal development of 
the scenario from preliminary to final. (See Chapter 2.) 

The investigator should continue to reevaluate the areas of 
interest by considering the additional data accumulated as the 
investigation progresses. The examination and documenta- 
tion of heating, ventilation, and air-conditioning (HVAC) sys- 
tems; fire protection systems; cooking and other appliances; 
electrical distribution systems; and utilities should be 
included. The areas to be examined should not be limited to 
those that suffered fire damage. Examination of the systems 
that have little or no fire damage may provide assistance later 
in identifying the cause for the fire. 


15.5 Detailed Exterior Surface Examination. Once the pre- 
liminary scene assessment is completed, the structure should 
be analyzed in detail. The purpose of this effort is to identify 
where the fire began. This analysis begins with the exterior 
surface examination. 

Even if the fire clearly originated from within the structure, 
the exterior analysis should be performed. Observations, pho- 


2001 Edition 


tographs, and sketches can help orient the investigator to the 
structure, help to determine the manner in which the struc- 
ture burned, and document details that may resolve issues that 
have not yet been raised. 


15.5.1 Pre-fire Conditions. The pre-fire conditions of the 
structure should be determined. Such details as state of repair, 
condition of foundations and chimneys, insect damage, state 
of repair of fire suppression systems, and so forth may prove to 
be significant data. Documentation of these conditions at this 
time may be the only opportunity to record them. 


15.5.2 Utilities. The investigator should locate and docu- 
ment the utilities associated with the structure, including the 
type and rated size of the electrical service and the fuel gas 
type. The meter readings for the utilities that provide them 
should be recorded. The locations of fuel tanks and their man- 
ner of connection to the structure should be noted. 


15.5.3 Doors and Windows. The condition of each door, 
especially those that allow access to the structure, should be 
documented. The investigator should note whether the door is 
intact or broken and whether it has been forced open. The 
means of securing the door, such as dead bolt, padlock, and so 
forth, should be documented. If the door is broken, the investi- 
gator should determine whether the door was broken before or 
after the fire began. In some cases this can be accomplished by 
inspecting the splintered wood and noting whether it is burned 
or unburned and whether it is clean of smoke or smoke stained. 
Sometimes, observing whether the hidden surfaces on the door 
jamb or the hinges are clear of smoke can help determine the 
position of the door (i.e., open or closed) during the fire. 

Clean surfaces indicate that the door was closed during the 
time smoke was present. However, stained surfaces do not 
always indicate the door was open. If smoke accumulates in 
sufficient quantity and if there is a pressure difference 
between the areas separated by the door, smoke can flow 
through cracks around a closed door to stain those hidden 
surfaces. The pressure differences involved can be due to the 
fire-produced smoke temperatures; mechanically produced 
air movement from ventilation, exhaust, or similar fan-driven 
systems; wind effects; or buoyant (stack) effects caused by the 
temperature differentials between the building and the exte- 
rior environment. 

The condition of the windows and the glass should be doc- 
umented. To ascertain what position the windows were in dur- 
ing the fire, the same characteristics that were discussed with 
the doors apply. With broken glass, the location of the pieces 
may provide insight as to what broke the pane. Once the fire 
breaches either the doors or windows, the improved ventila- 
tion affects the rate of combustion of the fire and the manner 
in which it spreads in the structure. The investigator should 
strive to learn whether the opening occurred prior to, during, 
or after extinguishment of the fire. 


15.5.4 Explosion Evidence. Any displacement of the exterior 
surfaces should be documented. The distance the pieces tray- 
eled and the extent of movement of walls and roofs should be 
noted on a diagram of the structure. Charring or smoke stain- 
ing on hidden surfaces, which became exposed by the dis- 
placement of the structural component, should be noted on 
the diagram also. A detailed discussion of explosions can be 
found in Chapter 18. 


15.5.5 Fire Damage. The fire damage on the exterior sur- 
faces should be documented. The investigator should pay par- 
ticular attention to the damage that is associated with natural 
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and unnatural openings. Window, door, and vent openings 
provide natural passages for smoke and heat and can be indi- 
cators of the flow of fire and fire products. Unnatural open- 
ings include holes created by the fire and holes created during 
the suppression effort. Holes created by the fire indicate an 
area of intense burning inside the structure. Separate and dis- 
tant holes created by fire can be indicative of multiple origins, 
concentrated fuel loads, or simply a spreading fire that devel- 
oped more than one intense impact on a vulnerable point in 
the structure envelope. 

Holes created by fire suppression activities are generally 
associated with forced entry attempts, ventilation of the com- 
bustion gases, or spot-fire extinguishment. Ventilation 
attempts can greatly affect fire movement inside the building, 
thereby creating fire patterns that appear abnormal. Investiga- 
tors should use care in evaluating such fire damage by confer- 
ring with the fire combat personnel to learn what happened 
inside the structure when the ventilation took place. Such evi- 
dence can be helpful in appraising, through methods such as 
vectoring, the flow of fire and fire effects. 


15.6 Detailed Interior Surface Examination. An interior sur- 
face examination generally is performed before any attempt is 
made to formulate an opinion as to fire origin. In the majority 
of structure fires, the origin is within the structure, and no 
finite origin determination is possible by just an exterior exam- 
ination. In the event the fire clearly did not begin inside, the 
interior should still be evaluated and documented. Many issues 
can arise from a fire’s occurrence that do not relate to origin 
determination. Photographs and diagrams of the interior can 
provide answers to questions that arise from these issues. 

The interior surface examination will follow a procedure 
similar to the exterior surface examination. The analysis of the 
fire damage should utilize the same techniques discussed in 
Section 15.5. 


15.6.1 Pre-fire Conditions. The pre-fire conditions in the 
interior of the structure should be documented, especially in 
the areas where there was fire development and spread. The 
housekeeping, or lack of it, should be noted. The presence of 
any evidence of concentrations of easily ignitable materials, 
such as trash, should be noted. The investigator should note 
whether the electrical devices are properly utilized. Any indi- 
cations that might relate to electrical overloading, power cord 
abuse, appliance abuse, and so forth should be noted. These 
do not solely determine a fire cause, but they can be support- 
ive, or contradictory, to subsequent cause determinations. 

Any interior fire suppression or fire protection devices such 
as smoke alarms, fire extinguishing systems, fire doors, and so 
forth should be located. The investigator should determine 
whether they are in working order and whether they func- 
tioned properly during the fire. The investigator should note 
whether they have been disabled or inadequately maintained. 

The investigator should look at the fuel loads present in the 
structure and should note whether they are consistent with 
what is expected in this structure and whether they added to 
the fire’s development. The fuel load considerations should 
include the interior surface covering and furnishings. 

The ultimate determination is whether the pre-fire condi- 
tions created the fire or greatly contributed to the fire’s origin, 
cause, or spread. 


15.6.2 Utilities. The condition of the utility services in the 
structure should be located and documented. Documentation 
may involve simply photographing the electrical distribution 
panel for a home, or it may involve studying a complex electri- 


cal distribution system for a large industrial building. In either 
event, the type and method used to distribute electricity 
should be determined, and damage to the systems should be 
documented. 


The fuel gas utility should be identified and documented. 
The purpose of this examination is to assist in determining 
whether the fuel gas contributed to the fire’s spread. If the 
examination reveals that fuel gases may have had a role in the 
fire’s spread, then the distribution system should be examined 
in detail, including pressure testing for leaks. Remember, fires 
can, and usually do cause a perfectly good gas distribution sys- 
tem to leak. 


15.6.3 Explosion. The procedure used in the exterior surface 
examination should also be used inside the building. Any dis- 
placement of interior structures should be noted, including 
the distance of the displacement and the direction. The cen- 
ter of explosion damage should be located if possible. 


Once the investigation has determined that an explosion 
has occurred, the investigator should try to determine 
whether the explosion preceded a fire or followed a fire’s 
inception. This can sometimes be determined by noting the 
condition of normally hidden or protected surfaces, such as 
inside the walls. Unburned components from the structure, 
found outside the perimeter of the structure, can also be an 
indication of a pre-fire explosion. Post-fire explosions can pro- 
duce flaming brands that have been propelled outside the 
structure. See Chapter 18 for a detailed discussion on the 
investigation of explosions. 


15.7 Fire Scene Reconstruction. The purpose of fire scene 
reconstruction is to recreate as nearly as possible the state that 
existed prior to the fire. Such fire scene reconstruction allows 
the investigator to see the fire patterns on the exposed surfaces 
and enables the investigator to make a more accurate origin 
analysis. A further benefit is the probability that complete expo- 
sure of the fire scene will enable other persons to better visual- 
ize the fire patterns. Interviews, diagrams, photographs, and 
other means can be helpful in establishing pre-fire conditions. 


Since the preliminary scene assessment has identified the 
areas warranting further study, the task of fire scene recon- 
struction may not require the removal of debris and the 
replacement of the contents throughout the entire structure. 
As mentioned previously, the preliminary scene assessment 
should not be done hastily. Careful analysis of the fire scene 
may help to reduce to a practical level the strenuous task of 
debris removal. If the area to be reconstructed cannot be 
reduced, then the investigator should accept the necessity of 
removing the debris from the entire area of destruction. 


15.7.1 Safety. Another important consideration is safety dur- 
ing the reconstruction effort. Debris removal can weaken a 
structure and cause it to collapse. Debris removal can uncover 
holes in the floor and can expose energized electrical wiring. A 
recent development is the recognition of the risk to the investi- 
gator from hazardous substances. Risks encountered during an 
investigation should be minimized before the investigation 
continues. See Chapter 10 for a detailed discussion on safety. 


15.7.2 Debris Removal. Adequate debris removal is essential. 
Inadequate removal of debris and the resultant exposure of 
only portions of the fire patterns can lead to gross misinterpre- 
tation of the fire patterns. A fire scene investigation involves 
dirty, strenuous work. Acceptance of this fact is the first step in 
conducting a proper fire investigation. 
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The removal of debris during overhaul is an area of concern 
to the fire investigator. Fire crews that remove all debris and 
contents from the fire scene may remove evidence, thus mak- 
ing origin determination more difficult. During the suppres- 
sion stage of the fire ground activities, no more site alteration 
should be made than necessary to ensure extinguishment of 
the fire. When circumstances call for substantial site alter- 
ations, an attempt should be made to document the fire scene 
prior to the alterations if possible. 


Use some thought as to where debris will be placed during 
reconstruction. Moving debris twice is counterproductive. 
Debris removal should be performed in a deliberate and system- 
atic fashion. This means that debris should be removed in lay- 
ers, with adequate documentation as the process continues. If 
more than one investigator is doing the removal, they should 
discuss the purpose for the debris removal and what they expect 
to find. A discussion may prevent one investigator from throw- 
ing away something the other investigator considers important. 


15.7.3 Contents. Any contents or their remains that are 
uncovered during debris removal should be noted as to their 
location, condition, and orientation. This precaution is 
important to the replacement of these contents in their pre- 
fire positions. Once the debris has been removed, the con- 
tents should be placed in their pre-fire positions for analysis of 
the fire patterns on them. 


When the contents have been displaced during fire sup- 
pression activities, post-fire replacement becomes much more 
difficult. Usually the position where the item sat will bear a 
mark from the item, such as table legs leaving small clear spots 
on the floor. The problem is knowing which leg goes to which 
spot. If a definite determination is not possible, then the item 
should not be included in the fire scene reconstruction. A 
guess as to how contents were oriented can be wrong, thereby 
contributing false data to the analysis process. An alternative is 
to document the contents in all probable positions in the 
hope that later information will pinpoint the true location. 


15.7.4 Models in Reconstruction. In recent years, the devel- 
opment of fire science and technology has produced a num- 
ber of analytical tools derived from the physics and chemistry 
of fire and the measurement of the property of materials. 
Many of these are in the form of collected interrelated calcu- 
lations frequently called fire models. The analytical reconstruc- 
tion techniques provide an additional tool in the analysis of 
the fire and origin determinations. Until very recently, the 
computational methods required large computers and a high 
level of science expertise to use and understand the meaning 
and validity of the outputs. 


Currently a series of more user-friendly, simpler-to-operate 
analytical tools have emerged. Some can be executed with sim- 
ple handheld calculators. Most, however, require the modern 
personal computer as the minimum tool. As emerging tools, 
these fire models require varying degrees of expertise by the 
user. In general, the user of a fire model is responsible for 
ascertaining that the method used is appropriate, that the data 
input is proper, and that the output is properly interpreted. 
Those who are not sufficiently informed to have an adequate 
level of confidence so that they can support the use of the fire 
models and their validity, if challenged, should not unilaterally 
use such methods. Users who do not have that competence 
should not use these analytical tools without the guidance and 
assistance of a person who can take that responsibility. Because 
of the value of these tools, however, practitioners are urged to 
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become aware of them and to study, understand, and use those 
most appropriate to their needs and capabilities. 


15.8 Fire-Spread Scenario. Once the factual information is 
compiled from the exterior and interior surface examinations, 
the investigator should finalize the fire-spread scenario on how 
the fire spread in and on the structure. The purpose of the fire- 
spread scenario is to determine an area of fire origin. Contra- 
dictions to the scenario should be recognized and resolved. If 
resolution is not possible, then the scenario should be re-evalu- 
ated to minimize the contradictions. To resolve contradictions, 
the data should be re-examined to see whether another reason 
can be found for why the damage exists as it does. Other inves- 
tigators can be enlisted to assist in the evaluation of the fire 
damage and its explanation. Ultimately, a weighing of the sce- 
nario against the remaining contradictions should be made to 
decide whether the determination of an area of origin is valid. 

If an area of origin is identified, then all potential ignition 
sources should be located and identified for a further reduc- 
tion of the area of origin to a point of origin. 

If no determination is made as to the fire’s origin, then the 
determination of the fire’s cause becomes very difficult. In 
some instances, where no origin determination is possible, a 
witness may be found who saw the fire in its incipient stage and 
can provide the investigator with an area of fire origin. Such 
circumstances create a burden on the fire investigator to con- 
duct as thorough an investigation as possible to find facts that 
can support or refute the witness’s statements. 


15.9 Total Burns. A fire that is allowed to burn unimpeded 
until it self-extinguishes due to a lack of fuel can present unique 
problems to the investigator. This does not mean, however, that 
such fire scenes are not worthy of investigation. While such cir- 
cumstances generally produce fire scenes incapable of origin 
and cause determinations, some will render valuable informa- 
tion when subjected to a systematic and thorough analysis. 

The information to be obtained includes the physical 
description of the structure and the type of construction. This 
information may be obtained from the insurance carrier, local 
zoning authorities, and local building officials. The local utili- 
ties should be consulted for information on the building’s past 
and recent utility requirements. 

In the case of the occupancy of the building, the insurance 
carrier, real estate officials, and neighbors should be consulted. 

Even though the initial view of the site may show nothing 
other than a hole in the ground containing fire debris, the site 
should be approached systematically. A slow methodical search 
from the perimeter should be made by walking around the entire 
remains. All recognizable items should be noted and inspected. 
A site plan should be made with these items located on it. 

Inspection within the perimeter may verify the floor plan of 
the structure. The noncombustible contents of the structure 
generally will be found almost directly beneath their pre-fire 
location. This generally will allow the investigator to identify 
the bathrooms, kitchens, and utility rooms. 

Sometimes the vertical locations of contents will assist the 
investigator in determining what level they had occupied 
within the structure. For instance, bed frames from second 
story bedrooms will generally end up on top of the first story 
contents with debris sandwiched between them. 

Once the initial site assessment is complete, the debris 
should be removed carefully and the contents located, identi- 
fied, and studied. One of the benefits of this type of structural 
destruction is that the site is rarely altered by earlier investiga- 
tions or overhaul operations. 
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A purpose of the examination of the contents is to deter- 
mine whether the noncombustible contents found corre- 
spond to the type and amount of contents expected in a 
structure of the same occupancy. Residential structures con- 
tain essential contents such as refrigerators and heating sys- 
tems, and most contain other contents such as televisions and 
cooking appliances. These items will survive to some degree 
even in the most severe fires. 

Another purpose for studying the contents is to note the 
differing degrees of heating effects on them. If contents in 
one area of the structure exhibit melted metal remains while 
others do not, then the investigator can make the assumption 
that temperatures in one area exceeded temperatures in 
another. If the metal remains of the contents are badly oxi- 
dized, such examinations may not be possible. 

Total burn fire scenes present their own unique problems, 
but then so do many other fire scenes. Although the primary 
objective of the fire investigator is to determine the origin and 
cause of a fire, there are areas of interest to other involved par- 
ties that deserve to be considered. Careful examination of totally 
burned sites can answer questions that may arise from these 
other parties long after the fire scene has been cleaned up. 


Chapter 16 Cause Determination 


16.1 General. While the focus of this chapter is on determin- 
ing the cause of a fire or explosion incident, it is recognized 
that the purpose of fire investigations is often much broader. 
The ideal goal of any particular fire investigation is to come to 
a correct conclusion about the significant features of a partic- 
ular fire or explosion incident. The significant features can be 
grouped under four headings, as follows. 


(a) The cause of the fire or explosion. This feature involves a 
consideration of the circumstances, conditions, or agencies 
that bring together a fuel, ignition source, and oxidizer (such 
as air or oxygen), resulting in a fire or a combustion explosion. 

(b) The cause of damage to property resulting from the incident. 
This feature involves a consideration of those factors that were 
responsible for the spread of the fire and for the extent of the 
loss, including the adequacy of fire protection, the sufficiency 
of building construction, and the contribution of any products 
to flame spread and to smoke propagation. 

(c) The cause of bodily injury or loss of life. This feature 
addresses life safety components such as the adequacy of 
alarm systems, sufficiency of means of egress or in-place pro- 
tective confinement, the role of products that emit toxic by- 
products that endanger human life, and the reason for fire 
fighter injuries or fatalities. 


(d) The degree to which human fault contributed to any one or 
more of the causal issues described in (a), (b), and (c). This feature 
deals with the human factor in the cause or spread of fire or in 
bodily injury and loss of life. It encompasses acts and omissions 
that contribute to a loss, such as incendiarism and negligence. 


The cause of a fire or the causes of damage or casualties 
may be grouped in broad categories for general discussion, for 
assignment of legal responsibility or culpability, or for report- 
ing purposes. Local, state, or federal reporting systems or legal 
systems may have alternative definitions that should be 
applied as required. 

The determination of the cause of a fire requires the identi- 
fication of those circumstances and factors that were necessary 
for the fire to have occurred. Those circumstances and factors 


include, but are not limited to, the device or equipment 
involved in the ignition, the presence of a competent ignition 
source, the type and form of the material first ignited, and the 
circumstances or human actions that allowed the factors to 
come together to allow the fire to occur. An individual investi- 
gator may not have responsibility for, or be required to address, 
all of the issues described in this section. A particular investiga- 
tion may or may not require that all of these issues be addressed. 


The cause of any particular fire may involve several circum- 
stances and factors. For example, consider a fire that starts 
when a blanket is ignited by an incandescent lamp in a closet. 
The various factors include having a lamp hanging down too 
close to the shelf, putting combustibles too close to the lamp, 
and leaving the lamp on while not using the closet. The 
absence of any one of those factors would have prevented the 
fire. The function of the investigator is to identify those factors 
and circumstances that contributed to the cause. 


16.2 Classification of the Cause. The cause of a fire may be 
classified as accidental, natural, incendiary (arson), or unde- 
termined. Use of the term suspicious is not an accurate descrip- 
tion of a fire cause. Mere suspicion is not an acceptable level 
of proof for making a determination of cause within the scope 
of this guide and should be avoided. Such fires should be clas- 
sified as undetermined. 


16.2.1 Accidental Fire Cause. Accidental fires involve all those 
for which the proven cause does not involve a deliberate human 
act to ignite or spread fire into an area where the fire should not 
be. In most cases, this classification will be clear, but some delib- 
erately ignited fires can still be accidental. For example, in a 
legal setting, a trash fire might be spread by a sudden gust of 
wind. The spread of fire was accidental even though the initial 
fire was deliberate. 


16.2.2 Natural Fire Cause. Natural fire causes involve fires 
caused without direct human intervention, such as lightning, 
earthquake, wind, and the like. 


16.2.3 Incendiary Fire Cause. The incendiary fire is one 
deliberately ignited under circumstances in which the person 
knows that the fire should not be ignited. 


16.2.4 Undetermined Fire Cause. Whenever the cause can- 
not be proven, the proper classification is wndetermined. The fire 
might still be under investigation, and the cause may be deter- 
mined later. In the instance in which the investigator fails to 
identify all of the components of the cause of the fire, it need 
not always be classified as undetermined. If the physical evi- 
dence establishes one factor, such as the presence of an acceler- 
ant, that may be sufficient to establish the cause even where 
other factors such as ignition source cannot be determined. 
Those situations are also encountered to a lesser degree in acci- 
dentally caused fires. Determinations under such situations are 
more subjective. Therefore, investigators should strive to keep 
an open unbiased thought process during an investigation. 


16.2.5 Process of Elimination. Any determination of fire 
cause should be based on evidence rather than on the absence 
of evidence; however, when the origin of a fire is clearly 
defined, it is occasionally possible to make a credible determi- 
nation regarding the cause of the fire, even when there is no 
physical evidence of that cause available. This finding may be 
accomplished through the credible elimination of all other 
potential causes, provided that the remaining cause is consis- 
tent with all known facts. 
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For example, an investigator may properly conclude that 
the ignition source came from an open flame, even if the 
device producing the open flame is not found at the scene. 
This conclusion may be properly reached as long as the analy- 
sis producing the conclusion follows the scientific method as 
discussed in Chapter 2. 

Elimination, which actually involves the testing and rejec- 
tion of alternate hypotheses, becomes more difficult as the 
degree of destruction in the compartment of origin increases, 
and is not possible in many cases. Whenever an investigator 
proposes the elimination ofa particular system or appliance as 
the ignition source, the investigator should be able to explain 
how the appearance or condition of that system or appliance 
would be different from what is observed, if that system or 
appliance were the cause of the fire. 

There are times when such differences do not exist; for 
example, when a heat-producing device ignites combustibles 
that are placed too close to it, the device itself may appear no 
different than if something else were the ignition source. 

The “elimination of all accidental causes” to reach a conclu- 
sion that a fire was incendiary is a finding that can rarely be jus- 
tified scientifically, using only physical data; however, the 
“elimination of all causes other than the application of an open 
flame” is a finding that may be justified in limited circum- 
stances, where the area of origin is clearly defined and all other 
potential heat sources at the origin can be examined and cred- 
ibly eliminated. It is recognized that in cases where a fire is 
ignited by the application of an open flame, there may be no evi- 
dence of the ignition source remaining. Other evidence, such as 
that listed in Section 19.3, which may not be related to combus- 
tion, may allow for a determination that a fire was incendiary. 

In a determination of an accidental cause, the same pre- 
cautions regarding elimination of other causes should be care- 
fully considered. 


16.3 Source and Form of Heat of Ignition. The source of igni- 
tion energy will be at or near the point of origin, although in 
some circumstances the two may appear not to coincide. Some 
sources of ignition will remain at the point of origin in recogniz- 
able form, whereas others may be altered greatly or even com- 
pletely destroyed. Nevertheless, the source should be identified 
in order for the cause to be proven. Sometimes the source can 
only be inferred, and the cause as found will be the most prob- 
able one. 

A competent ignition source will have sufficient tempera- 
ture and energy and will be in contact with the fuel long 
enough to raise it to its ignition temperature. 

The ignition process involves the following three compo- 
nents: generation, transmission, and heating, as follows. 


(a) The competent ignition source will generate a level of 
energy sufficient to raise the fuel to its ignition temperature and 
will be capable of transmitting that level of energy to the fuel. 

(b) Transmission of sufficient energy raises the fuel to its 
ignition temperature. Where the energy source is in direct con- 
tact with the fuel, such as the contact of an overheated wire with 
its insulation, the transfer is a direct conduction from the 
source to the fuel. Where there is a separation, however, there 
should be a form of energy transport. This transport can be by 
contact with the flaming gases from a burning item, by radiation 
from the flame or surfaces or gases heated by that flame, or a 
combination of heating by the flow of hot gases and radiation. 

(c) Heating of the potential fuel will occur by the energy 
that reaches it. Each fuel reacts differently to the energy that 
impacts on it. Some energy may be reflected, and some energy 
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may be transmitted through the material. Some is dispersed 
through the material, and some heats the material, causing its 
temperature to rise. The term thermal inertia is used to describe 
the response of a material to the energy impacting on it. Ther- 
mal inertia is defined as the product of thermal conductivity, 
density, and specific heat. These three properties determine 
the manner in which a material will transmit heat from the 
exposed surface to its core or to an unexposed surface and dis- 
tribute and absorb heat within the element itself. The surface 
temperature of a material with a low thermal inertia (such as 
foam plastic) will rise much more quickly when exposed to 
energy from a high-temperature source than will a material 
with higher thermal inertia (such as wood paneling). Thin 
materials will also heat more quickly from a given source of 
energy. 


Once the area and possibly the point of origin is identified, 
the investigator should identify the heat-producing device, 
substance, or circumstance that could have caused the igni- 
tion. Heat-producing devices can include fixed and portable 
heaters, gas-fired or electric appliances, furnaces, water heat- 
ers, wood stoves, lamps, internal combustion engines, clothes 
dryers, and incendiary devices. 

The investigator should also look for devices that may have 
malfunctioned. Such devices include many of the foregoing 
plus electrical service equipment, receptacles, kitchen and laun- 
dry appliances, motors, transformers, and heavy machinery. 

Sources of ignition for gases or vapors include arcs from 
motors with brushes, arcs from switches that are not explosion- 
proof, gas or electric pilots, or flames in gas appliances. 

Flammable gases or liquid vapors, such as those from gaso- 
line, may travel a considerable distance before reaching an igni- 
tion source. Only under specific conditions will ignition take 
place, the most important condition being concentration 
within the flammable limits and an ignition source of sufficient 
energy located in the flammable mixture. This separation of the 
fuel source and the origin of the fire can cause confusion. 

Information should be obtained from owners or occupants, 
when possible, about what potential ignition sources were in 
the area of origin, how and when they were used, and recent 
activities in the area. That type of gathering of information is 
especially important when the source of ignition does not sur- 
vive the fire. The information would also be helpful in alerting 
an investigator to small or easily overlooked items when exam- 
ining the area of origin. When electrical energy sources are 
considered as potential producers of the heat of ignition, the 
investigator should refer to Chapter 6 of this guide. 


16.4 First Material Ignited. The first material ignited (initial 
fuel) is that which first sustains combustion beyond the ignit- 
ing source. For example, the wood of the match would not be 
the initial fuel, but paper, flammable liquid, or draperies 
would be, if the match were used to ignite them. 

The physical configuration of the fuel plays a significant 
role in its ability to be ignited. A nongaseous fuel with a high 
surface-to-mass ratio is much more readily ignitable than a fuel 
with a low surface-to-mass ratio. Examples of high surface-to- 
mass fuels include dusts, fibers, and paper. If the initial fuel 
has a high surface-to-mass ratio, then the intensity and dura- 
tion characteristics for a heat source become less stringent. 
The higher the surface-to-mass ratio of the fuel, the less energy 
the heat source should produce to ignite the fuel, although 
the ignition temperature is the same. Gases and vapors are 
fully dispersed (in effect, an extremely high surface-to-mass 
ratio) and can be ignited by a low heat energy source instantly. 
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The initial fuel could be part of a device that malfunctions. 
Examples include insulation on a wire that is heated red hot 
by excessive current or the plastic case on an overheating cof- 
fee maker. 


The initial fuel might be something too close to a heat-pro- 
ducing device. Examples are clothing against an incandescent 
lamp or a radiant heater, wood framing too close to a wood 
stove or fireplace, or combustibles too close to an engine 
exhaust manifold or catalytic converter. 


The initial fuel is important for understanding the events 
that caused the fire. For example, if the remains of a match 
were found on the burned surface of a wood end table in the 
area of origin, one should not jump to the conclusion that the 
match ignited the wood tabletop. The match almost certainly 
would go out without igniting the solid wood surface. Maybe 
the match had been blown out and dropped there by an occu- 
pant. Was there any paper or other light fuel that could have 
carried flame to a chair or other fuels? Remember that the ini- 
tial fuel must be capable of being ignited within the limitations 
of the ignition source. The components in most buildings are 
not susceptible to ready ignition. For example, flooring, dry- 
wall, structural lumber, wood cabinets, and carpeting do not 
ignite unless they are exposed to a substantial heat source. 
The investigator needs to identify easily ignited items that, 
once ignited, could provide the heat source to damage or 
involve these harder-to-ignite items. 


Unusual residues might remain from the initial fuel. Those 
residues could arise from thermite, magnesium, or other pyro- 
technic materials. 


Gases and vapors can be the initial fuel and can cause con- 
fusion because the point of ignition can be some distance away 
from where sustained fire starts in the structure or furnishings. 
When ignition causes a low-order explosion, it is obvious that a 
gas, vapor, or dust is involved. Layered vapors of gasoline might 
not ignite violently so that, unless evidence of the accelerant is 
found, the source of ignition many feet from where the puddle 
burned might be difficult to associate with the fire. 


16.5 Ignition Factor (Cause). A fuel by itself or an ignition 
source by itself does not create a fire. Fire results from the com- 
bination of fuel and an ignition source. Therefore, the investi- 
gator should be cautious about deciding on a cause of a fire just 
because a readily ignitable fuel and a potential ignition source 
are present. The sequence of events that allow the source of 
ignition and the fuel to get together establishes the cause. 


To define the ignition sequence requires determining 
events and conditions that might have occurred or might have 
been created in the past. Furthermore, the order in which 
those past events occurred might have to be determined. Con- 
sider a fire in a restaurant kitchen that started when a deep-fat 
fryer ignited and spread fire through the kitchen. The cause is 
more than simply “the deep-fat fryer overheated.” Was the 
control turned up too high? Did the control contacts stick? 
Why did the high temperature cutoff not prevent overheat- 
ing? Those factors could make a difference between a minor 
incident and a large hostile fire. In each fire investigation, the 
various contributing factors should be investigated and 
included in the ultimate explanation of the ignition sequence. 


The investigator is cautioned not to rule out a cause merely 
because there is no obvious evidence for it. Do not rule out the 
electric heater because there is no arcing in the wires or 
because the contacts are not stuck. Obviously, arson is not 
eliminated because the lab did not find accelerant in the evi- 
dence. The same standard applies to accidental fire causes. 


Potential causes should be ruled out only if there is definite evi- 
dence that they could not have caused the fire. The electric 
heater can be ruled out if it was not plugged in. A smoldering 
cigarette can be ruled out if the room was well involved 10 min- 
utes after a reliable witness passed through and saw no smoke. 


16.6 Determining Responsibility. After determining the ori- 
gin, cause, and development of a fire or explosion incident, 
the fire investigator may be required to do a failure analysis 
and to determine responsibility. It is only through the deter- 
mination of such responsibility for the fire that remedial codes 
and standards, fire safety, or civil or criminal litigation actions 
can be undertaken. 


16.6.1 Definition of Responsibilities. Responsibility for a fire 
or explosion incident here is defined as the accountability of 
a person or other entity for the event or sequence of events 
that caused the fire or explosion, spread of the fire, bodily 
injuries, loss of life, or property damage. 


16.6.2 The Fire Investigator’s Role in Assessing Responsibil- 
ity. While it is frequently a court’s role to affix a final finding of 
responsibility and to assign liability, remedial measures, compen- 
sation, or punishment, it is the fire analyst’s task to identify 
responsibility so that fire safety, code enforcement, or litigation 
processes can be undertaken. 


16.6.3 Nature of Responsibility. The nature of responsibility 
in a fire or explosion incident may be in the form of an act or 
omission. It may be something that was done, accidentally or 
intentionally, that ultimately brought about the fire or explo- 
sion, or it may be some failure to act to correct or prevent a 
condition that caused the incident, spread, injuries, or dam- 
age. Responsibility may be attributed to a fire or explosion 
event no matter the classification or nature of the cause: natu- 
ral, accidental, incendiary, or even undetermined. 


Responsibility may be attributed to the accountable person 
or other entity because of negligence, reckless conduct, product 
liability, arson, violations of codes or standards, or other means. 


16.6.4 Degrees of Responsibility. Responsibility may fall on 
more than one subject. Often a series or sequence of events or 
conditions causes a fire or explosion and the resulting spread, 
injuries, and damage. A failure analysis often shows that a 
change to any one or more of these conditions, acts, or omis- 
sions could have prevented or mitigated the incident. In this 
way, responsibility may fall on more than one person or entity. 
In such a case, multiple or various degrees of responsibility 
may be assessed. 


16.7 Opinions. When forming opinions from hypotheses 
about fires or explosions, the investigator should set standards 
for the degree of confidence in those opinions. Use of the sci- 
entific method dictates that any hypothesis formed from an 
analysis of the data collected in an investigation must stand the 
challenge of reasonable examination. (See Chapter 2.) [See 
Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579, 113 
S.Ct. 2786 (1993).] 


Ultimately, the decision as to the level of confidence in 
data collected in the investigation or any hypothesis drawn 
from an analysis of the data rests with the investigator. The 
final opinion is only as good as the quality of the data used in 
reaching that opinion. If the confidence level of the opinion 
is only “possible” or “suspected,” the cause should be listed as 
undetermined. 
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Chapter 17 Failure Analysis and Analytical Tools 


17.1 Introduction. This chapter identifies methods available 
to assist the investigator in the analysis of a fire /explosion inci- 
dent. Additional tools requiring special expertise are also dis- 
cussed. These methods can be used to analyze fires of any size 
or complexity. In many cases, the methods are used to orga- 
nize information collected during the documentation of the 
incident into a rational and logical format. They can also be 
used to identify aspects of the investigation needing additional 
information and where future efforts should be directed. 


17.2 Time Lines. A time line is a graphic or narrative repre- 
sentation of events related to the fire incident, arranged in 
chronological order. The events included in the time line may 
occur before, during, or after the fire incident. This investiga- 
tive tool can show relationships between events, identify gaps 
or inconsistencies in information and sources, assist in witness 
interviews, and otherwise assist in the analysis and investiga- 
tion of the incident. A graphic time line is useful as a demon- 
strative document. The value of a time line is dependent upon 
the accuracy of the information used to develop the time line. 


In order to construct a time line, it is necessary to relate 
events or activities to the time of their occurrence. In assigning 
time to events or activities, it is important to identify the con- 
fidence the investigator has in the assigned time. One means 
of doing this is to identify the quality of the data as hard time 
(actual) or soft (estimated or relative) time. 


17.2.1 Hard time identifies a specific point in time that is 
directly or indirectly linked to a reliable clock or timing device 
of known accuracy. It is possible to have a time line with no 
hard times. Hard times can be obtained from sources such as 
the following: 

(1) Fire department dispatch telephone or radio logs 

(2) Police department dispatch and radio logs 

(3) Emergency Medical Service reports 


(4) Alarm system records (on-site, central station, fire dis- 
patch, etc.) 


(5) Building inspection report(s) 
(6) Health inspection report(s) 
(7) Fire inspection report(s) 


(8) Utility company records (maintenance/emergency/ 
repair records) 


(9) Private videos/photos (check with local film developers) 


(10) Media coverage (newspaper photographer, radio, televi- 
sion, magazines) 


(11) Timers (clocks, time clocks, security timers, water soften- 
ers, lawn sprinkler systems) 


(12) Weather reports (NOAA, airports, lightning tracking ser- 
vices) 


(13) Current and/or prior owner/tenant records (re: mainte- 
nance) 


(14) Interviews 


(15) Computer-based fire department alarms, communica- 
tions audio tapes, and transcripts 


(16) Building or systems installation permits 


Also see Chapter 11 of this document. 
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All clocks and timing devices are usually not synchronized. 
Discrepancies between different clocks should be recorded 
and adjustments made where necessary. 


Soft time can be either estimated or relative time. Relative 
time is the chronological order of events or activities that can 
be identified in relation to other events or activities. Estimated 
time is an approximation based on information or calculations 
that may or may not be relative to other events or activities. 
Often, relative or estimated times can be determined within a 
known degree of accuracy, for example, bounded by two 
known events or within a time range. It may be desirable to 
report them as a time range rather than discrete time. 


Relative time can be very subjective in nature. The con- 
cept of elapsed time varies with the individual and the stress 
caused by the incident. It is important to have witnesses be as 
specific as possible by referring to their actions and observa- 
tions, in relation to each other and to other events. All rela- 
tive time is based on an estimate. It is also possible to have 
events for which the estimated time cannot be related to a 
hard time but that are valuable to the analysis. These are 
referred to as estimated times. Relative or estimated times are 
generally provided by witnesses. 


17.2.2 Potential sources of soft times include those sources 
for hard times listed in 17.2.1, along with estimation of times 
for an activity to be performed or an event to occur. 


Some events are particularly valuable as a foundation for 
the time line or may have significant relation to the cause, 
spread, detection, or extinguishment of a fire. These are 
referred to as benchmark events. An example of a benchmark 
event could be the dispatch and arrival times of the fire fight- 
ers on the fire department incident report. Other examples 
may include events such as a roof collapsing, a window break- 
ing out, or an explosion. 


17.2.3 It is quite possible that two or more time lines will be 
required to effectively evaluate and document the sequence of 
events precipitating the fire, the actual fire incident, and post- 
fire activity. These time lines can be called macro and micro. 


A macro evaluation of events may incorporate activity that 
occurred months before the fire and that terminated on the 
demolition of the building. Asan example, this activity might 
include renovations that altered the building’s electrical sys- 
tem and that may be attributable as the ignition source. 


A micro evaluation of events focuses on some discrete seg- 
ment of the total time line for which the investigator has a par- 
ticular interest. For example, it may consist of an evaluation of 
events during the time period immediately prior to ignition, 
during initial fire fighting, during fire growth, or from igni- 
tion to extinguishment. 


Parallel time lines can be presented to demonstrate two or 
more series of events. The purpose of such a presentation may 
be to show whether or not they are related in some manner. 


Various tools are available to assist in the development of 
time lines. Although a simple time line can be constructed 
with pencil and paper, there are software packages available as 
well, from simple word processing or database, to sophisti- 
cated scheduling software. See Figure 17.2 for an example of 
a simple time line. 
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FIGURE 17.2 Illustration of a time line. 


Neighbor 911 Neighbor 
Owner sees vehicle cell call Chief Chiefradios Mutual Fire calls Owner 
stated left leave store reporting reports “fully involved aid under owner at arrives 
building quickly fire onscene _ structure” called control home at scene 
21:10 22:05 22:09 22:14 22:20 22:23 23:07 23:20 23:50 
21:45 22:08 22:11 22:19 22:21 22:30 23:13 23:40 
Neighbor sees Witness Fire Receipt 1st engine Owner State Fire 
owner's vehicle driving down department from reports on arrives home fire extinguished 
parked behind roadsees_ dispatched store location according marshal 
store flames to wife notified 


17.3 Systems Analysis. Systems analysis techniques are impor- 
tant tools in identifying when and how engineering analysis 
and modeling may be useful. These techniques, developed for 
use in system safety analyses, include failure modes and effects 
analysis, fault tree analysis, HAZOP analysis, and what-if analy- 
sis. These tools provide a systematic method for analyzing sys- 
tems to determine hazards or faults. The tools can utilize 
either qualitative or quantitative formats. Hazard probabilities 
or failure rates can be factored in when using quantitative for- 
mats. Some of the more common techniques, fault tree analy- 
sis, and failure mode and effects analysis are described below. 
Several other systems analyses are available, each with its 
inherent advantages and limitations. See references for exam- 
ples of methods. 


17.3.1* Fault Trees. A fault tree is a logic diagram that can be 
used to analyze a fire or explosion event. A fault tree is devel- 
oped using deductive reasoning. The diagram places, in logi- 
cal sequence and position, the conditions and chains of events 
that are necessary for a given fire or explosion event to occur. 

Fault trees can be used to test the possibility of a proposed 
fire cause or spread scenario and to identify or evaluate possi- 
ble alternative scenarios. Fault trees are developed by break- 
ing down an undesired event into its causal elements or 
component parts. The components are then placed in logical 
sequences of events or conditions necessary to produce the 
fire or explosion event, or specific aspect of associated dam- 
age, death, or injury. If the conditions are not present or if the 
events did not occur in the necessary sequence, then the pro- 
posed scenario is not possible. For example, if the proposed 
scenario required a live electrical circuit and there was no elec- 
trical service, the scenario would be incorrect unless an alter- 
native source for the electricity could be shown. The logic for 
evaluating the events and conditions that control undesired 
events is represented by “and” decisions and “or” decisions. In 
a graphic representation of a fault tree, these decision points 
are called gates. In most cases, fault trees involve combinations 
of “and” gates and “or” gates. [See Figure 17.3.1(a).] 


For an “and” controlled event to occur, all the elements 
and conditions must be present. An example using an 
“and” gate is the set of conditions that must be present for 
a flashlight to work and produce light. There must be good 
batteries; the bulb must be good; and the switch must work 


to produce light. A fault tree for this process is shown in 
Figure 17.3.1(b). 

For an “or” controlled event, any one of several series of 
elements and conditions may result in the subject event. 
An example using an “or” gate would be a flashlight that 
does not work when the switch is operated. The failure 
might be due to a switch failure, a blown bulb, or battery 
problems. Figure 17.3.1(c) shows the fault tree for this 
example. 

Fault tree analysis may be used to estimate the probability 
of an undesired event by assigning probabilities to the condi- 
tions and events. Assigning reliable probabilities to events or 
conditions is often difficult and may not be possible. 

All system components, their relationships, and the validity 
of data used need to be identified. In order to construct a fault 
tree properly, it may be necessary to consult people with spe- 
cial expertise regarding the equipment, materials, or pro- 
cesses involved. 

The fault tree method of analysis may produce multiple 
feasible scenarios for a given undesirable event. As a result of 
insufficient data, it may not be possible to establish which sce- 
nario is most likely. 

Suggested sources for data to be used in fault tree analysis 
include the following: 


(1) Operations and maintenance manuals 

(2) Maintenance records 

(3) Parts replacement and repair records 

(4) Design documents 

(5) Services of expert with knowledge of system 

(6) Examination and testing of exemplar equipment or 
materials 

(7) Component reliability databases 

(8) Building plans and specifications 

(9) Fire department reports 

(10) Incident scene documentation 

(11) Witness statements 

(12) Medical records of victims 

(13) Human behavior information 


For additional guidance see Chapter 11. 

Fault trees are constructed using a standard format familiar 
to the technical community. Software is available for assisting 
the user in developing and analyzing fault trees. 
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FIGURE 17.3.1.(a) Fault tree showing combination of “and” and “or” gates. 


Attic fire caused 
by defective attic ventilator 


AND 


Localized motor fire 
occurs due to electrical 
overheating/arcing 


Geometry, material, and 
physical characteristics of 
ventilator unit mounting 
permit fire spread to roof 
or attic 


Circuit 
protection 
device fails 
to operate 


Thermal 
cutout fails 
in on position; 
motor heats 
internally 


High current flow 
through motor 


Failure conditions 
for motor overcurrent 


Motor 
energized 
present 
AND (or) 


Locked rotor 


Fan circuit 
energized Attic 
thermostat 
in closed circuit 


position 


Low 
impedance 
electrical 
fault 


Jammed 
fan blade 


Bearing 
seizes 
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FIGURE 17.3.1(b) Example of fault tree showing 
“and” gate. 


Output 
event 


Battery 
good 


FIGURE 17.3.1(c) Example of fault tree showing “or” gate. 


Output 
event 


Input 
events 


Flashlight 
failure 


Bulb 
failure 


Battery 
failure 


17.3.2 Failure Mode and Effects Analysis (FMEA). FMEA is a 
technique used to identify basic sources of failure within a sys- 
tem, and to follow the consequences of these failures in a system- 
atic fashion. In fire/explosion investigations, FMEA is a 
systematic evaluation of all equipment and/or actions that could 
have contributed to the cause of an incident. FMEA is prepared 


by filling in a table with column headings such as are shown in 
Figure 17.3.2. The column headings and format of the table are 
flexible, but at least the following three items are common: 


(1) Item (or action) being analyzed 
(2) Basic fault (failure) or error that created the hazard 
(3) Consequence of the failure 


FMEA can help identify potential causes of a fire or explo- 
sion and can indicate where further analysis could be benefi- 
cial. FMEA is particularly useful in a large or complex 
incident. It can be effective in identifying factors, both physi- 
cal and human, that could have contributed to the cause of 
the fire/explosion. Similarly, it can be helpful in eliminating 
potential causes of a fire/explosion. 

Additional columns are added by the investigator as appro- 
priate to address the needs of the particular investigation. An 
assessment of the likelihood of each individual failure mode is 
frequently included. It is helpful to assess the consequence of 
a given failure relative to the fire/explosion. FMEA tables can 
be cataloged by item and can serve as reference material for 
further investigations. FMEA tables can be developed using 
computer spreadsheets or specialized software. 

When filling out the table, the investigator should consider 
the range of environmental conditions and the process status 
(i.e., normal operation, shutdown, and startup) for each item 
or action. Probabilities or degrees of likelihood can be 
assigned to each occurrence. When a sequence of failures is 
required for the incident to occur, the probabilities or degrees 
of likelihood can be combined to assess the likelihood that any 
given sequence of events led to the incident. 

All known system components and human actions that may 
have contributed to the incident need to be identified. The 
accuracy of the determination of the sequence of the events is 
dependent on the accuracy assigned to each of the individual 
failure modes. 

The data required for an FMEA depend on the extent of 
the analysis desired. Minimum information typically includes 
a list of all system components and human actions that may 
have led to the incident, possible failure modes for each com- 
ponent and action, and the immediate consequences of each 
failure. It is important to recognize that many system compo- 
nents will have more than one failure mode, so each possible 
failure mode and its particular consequences should be listed 
for each component or action. 

Data for systems and components can be obtained from 
many sources including the following: 


(1) Operations and maintenance manuals 

(2) Maintenance records 

(3) Parts replacement and repair records 

(4) Design documents 

(5) Services of expert with knowledge of system 

(6) Examination and testing of exemplar equipment or 
materials 

(7) Component reliability databases 

(8) Building plans and specifications 

(9) Fire department reports 

(10) Incident scene documentation 

(11) Witness statements 

(12) Medical records of victims 

(13) Human behavior information 


Table 17.3.2 shows a hypothetical example of an FMEA 
applied to a particular fire scenario, in the determination of a 
cause of that fire. 
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FIGURE 17.3.2 Simplified examples of failure mode and effects analysis forms. 


Hazard 
category 


Effect on 


Failure mode Direct effect system 
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change 


Hazard 
category 


Failure 
frequency 


Hazardous 
aspect 


cea Failure 


action 


Component 


Source 
of data 


Possible 
hazard 


Failure 
rate 


Failure 


mechanism duration 


Table 17.3.2 Sample Failure Mode and Effects Tabulation for Lunchroom Fire 


Corrective 


Component Failure Cause Effects Hazard Necessary Indication 
Item Mode of Failure of Failure Created Conditions of Failure 
Coffee maker Heater current Switch left on and “Boils” out any Ignition of Power on Melting of alumi- 


flows without controls fail water in reservoir 


shutoff 


plastic housing 


Thermal runaway 
of heating element 


Local temperature 
increases above 
600°C 


Unattended 
cooking 


Range (electric) Autoignition of 


cooking oil 


Oil temperature 
raised above 
autoignition 
temperature 


Burning oil fire 
and large amount 
of smoke 

Control failure 


Switch on or fails 
closed 


Thermostat fails 
in “on” position 


Both thermal 
fuses fail to open 


Unit on 


Switch on or fails 
in closed position 


No temperature 
regulation 


Note: The data and conclusions presented in this table are hypothetical and used for example purposes only. 
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num housing 
around heating 
element 


Condensed alumi- 
num at base of 
maker 


Thermostat closed 
circuit 

Both fuses closed 
circuit 

Burner control in 
on position 
Melted aluminum 
pan 

Oil consumed or 


spilled on unit 


Contacts fused or 
welded 
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17.4 Mathematical Modeling. Mathematical modeling tech- 
niques provide the investigator with tools for testing hypothe- 
ses regarding the origin and cause of the fire/explosion and 
the cause of the resulting damage to property or injury to peo- 
ple. Even when the origin and cause is not an issue, it is often 
possible and important to establish the cause of the resulting 
damage to property or injury to people. 

The scope of this discussion emphasizes models and analy- 
ses that can be exercised using hand or computer-aided calcu- 
lations. Usage of these analytical tools depends on the scope 
of the investigator’s assignment, the particular incident, and 
the practical purpose of the investigation. A special expert 
may be needed to complete the analysis. 

Mathematical models are intended to simulate or predict 
real-world phenomena using scientific principles and empiri- 
cal data. There are numerous fields and specialty disciplines 
that use models. Some that have proven useful in fire and 
explosion investigations are discussed in 17.4.1 through 17.4.8. 


17.4.1 Heat Transfer Analysis. Heat transfer models allow 
quantitative analysis of conduction, convection, and radiation 
in fire scenarios. These models are then used to test hypothe- 
ses regarding fire causation, fire spread, and resultant damage 
to property and injury to people. Heat transfer models are 
often incorporated into other models, including structural 
and fire dynamics analysis. Various general texts on heat trans- 
fer analysis are available. 

Heat transfer models and analyses can be used to evaluate 
various hypotheses including those relating to the following: 


(1) Competency of ignition source (See Section 16.3.) 
(2) Damage or ignition to adjacent building 

(3) Ignition of secondary fuel items 

(4) Thermal transmission through building elements 


17.4.2 Flammable Gas Concentrations. Models can be used 
to calculate gas concentrations as a function of time and eleva- 
tion in the space and can assist in identifying ignition sources. 
Flammable gas concentration modeling, combined with an 
evaluation of explosion or fire damage and the location of pos- 
sible ignition sources, can be used (a) to establish whether or 
not a suspected or alleged leak could have been the cause of 
an explosion or fire, and (b) to determine what source(s) of 
gas or fuel vapor were consistent with the explosion or fire sce- 
nario, damage, and possible ignition sources. 


17.4.3 Hydraulic Analysis. Analysis of automatic sprinkler 
and water supply systems is often required in the evaluation of 
the cause of loss. The same mathematical models and com- 
puter codes used to design these systems can be used in loss 
analysis. However, the methods of application are different for 
design than they are for forensic analysis. 

Acommon application of hydraulic analysis is to determine 
why a sprinkler system did not control a fire. Modeling can 
also be used to investigate the loss associated with a single 
sprinkler head opening, the effect of fouling in the piping, 
and to determine the effect of valve position on system perfor- 
mance at the time of loss. There are also models and methods 
available to analyze flow through systems other than water- 
based systems, such as carbon dioxide, gaseous suppression 
agents, dry chemicals, and fuels. 


17.4.4 Thermodynamic Chemical Equilibrium Analysis. Fires 
and explosions believed to be caused by reactions of known or 
suspected chemical mixtures can be investigated by a thermo- 
dynamics analysis of the probable chemical mixtures and 
potential contaminants. 


Thermodynamic chemical equilibrium analysis can be 
used to evaluate various hypotheses including those relating to 
the following: 


(1) Reaction(s) that could have caused the fire/explosion 

(2) Improper mixture of chemicals 

(3) Role of contamination 

(4) Role of ambient conditions 

(5) Potential of a chemical or chemical mixture to overheat 

(6) Potential for a chemical or chemical mixture to produce 
flammable vapors or gases 

(7) Role of human action on process failures 


Thermodynamic reaction equilibrium analysis traditionally 
required tedious hand calculations. Currently available com- 
puter programs make this analysis much easier to perform. The 
computer programs typically require several material proper- 
ties, including chemical formula, mass, density, entropy, and 
heat of formation as inputs. 

Chemical reactions that are shown not to be favored by 
thermodynamics can be eliminated from consideration as the 
cause of a fire. Thermodynamically favored reactions must be 
further analyzed to determine whether the kinetic rate of the 
considered reactions is fast enough to have caused ignition, 
given the particular circumstances of the fire. 


17.4.5 Structural Analysis. Structural analysis techniques can 
be utilized to determine reasons for structural failure or 
change during a fire or explosion. Numerous references can 
be found in engineering libraries, addressing matters such as 
strength of materials, formulas for simple structural elements, 
and structural analysis of assemblies. 


17.4.6* Egress Analysis. The failure of occupants to escape 
may be one of the critical issues that an investigator needs to 
address. Egress models can be utilized to analyze movement of 
occupants under fire conditions. Integrating egress models 
with a fire dynamics model is often necessary to evaluate the 
effect of the fire environment on the occupants. See Chapter 
8 on human factors. 


17.4.7* Fire Dynamics Analysis. Fire dynamics analyses con- 
sist of mathematical equations derived from fundamental sci- 
entific principles or from empirical data. They range from 
simple algebraic equations to computer models incorporating 
many individual fire dynamics equations. Fire dynamics analy- 
sis can be used to predict fire phenomena and characteristics 
of the environment such as the following: 


(1) Time to flashover 

(2) Gas temperatures 

(3) Gas concentrations (oxygen, carbon monoxide, carbon 
dioxide, and others) 

(4) Smoke concentrations 

(5) Flow rates of smoke, gases, and unburned fuel 

(6) Temperatures of the walls, ceiling, and floor 

(7) Time of activation of smoke detectors, heat detectors, 
and sprinkler heads 

(8) Effects of opening or closing doors, breakage of windows, 
or other physical events 


Fire dynamics analyses can be used to evaluate hypotheses 
regarding fire origin and fire development. The analyses use 
building data and fire dynamics principles and data to predict 
the environment created by the fire under a proposed hypoth- 
esis. The results can be compared to physical and eyewitness 
evidence to support or refute the hypothesis. 
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Building, contents, and fire dynamics data are subject to 
uncertainties. The effects of these uncertainties should be 
assessed through a sensitivity analysis and should be incorpo- 
rated in hypothesis testing. Uncertainties may include the condi- 
tion of openings (open or closed), the fire load characteristics, 
HVAC flow rates, and the heat release rate of the fuel packages. 
See Section 17.6 for recommended data-collection procedures. 


Fire dynamics analyses can generally be classified into three 
categories: specialized fire dynamic analyses, zone models, 
and field models. They are listed in order of increasing com- 
plexity and required computational power. 


(a) Specialized Fire Dynamics Routines. Specialized fire 
dynamics routines are simplified procedures designed to solve 
a single, narrowly focused question. In many cases, these rou- 
tines can answer questions related to a fire reconstruction 
without the use of a fire model. Much less data is typically 
required for these routines than is required to run a fire 
model. Examples of available routines can be found in the 
FIREFORM section of FRETOOL. 


(b) Zone Models. Most of the fire growth models that can be 
run on personal computers are zone models. Zone models 
usually divide each room into two spaces or zones, an upper 
zone that contains the hot gases produced by the fire, and a 
lower zone that is the source of the air for combustion. Zone 
sizes change during the course of the fire. The upper zone can 
expand to occupy virtually all the space in the room. 


(c) Meld, Computational Fluid Dynamics (CKD) Models. CFD 
models usually require large-capacity computer work stations 
or main-frame computers. By dividing the space into many 
small cells (frequently tens of thousands), CFD models can 
examine gas flows in much greater detail than zone models. 
Where such detail is needed, it is often necessary to use the 
sophistication of a field model. In general, however, field mod- 
els are much more expensive to use, require more time to set 
up and run, and often require a high level of expertise to make 
the decisions required in setting up the problem and interpret- 
ing the output produced by the model. The use of CFD models 
in fire investigation and related litigation, however, is increas- 
ing. CFD models are particularly well suited to situations where 
the space or fuel configuration is irregular, where turbulence 
is a critical element, or where very fine detail is sought. 


17.4.8 Mathematical modeling, whether simplified hand cal- 
culations or computer fire models, has inherent limitations 
and assumptions that should be considered. Models generally 
rely upon empirical data and are validated via comparison 
with other empirical data. Care must be taken to assure that 
the model is being used with due regard for limitations, 
assumptions, and validation. 


17.5 Fire Testing. 


17.5.1 Role of Fire Testing. Fire testing is a tool that can pro- 
vide data that complement data collected at the fire scene (see 
2.3.3), or can be used to test hypotheses (see 2.3.6). Such fire 
testing can range in scope from bench scale testing to full- 
scale recreations of the entire event. These tests may relate to 
the origin and cause of the fire, or to fire spread and develop- 
ment. The components and subsystems to be tested may 
include building contents, building systems, and architec- 
tural/structural elements of the building itself.) 


Used as a part of data collection, fire testing can provide 
insights into the characteristics of fuels or items consumed in 
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the fire, into the characteristics of materials or assemblies 
affected by the fire, or into fire processes that may have played 
a role in the fire. This information is valuable in the analysis of 
data and the formation of hypotheses. (See also Section 14.10). 


Used as a part of hypotheses testing, fire testing can assist 
in evaluating whether a hypothesis is consistent with the case 
facts and the laws of fire science. In this manner, fire testing is 
used in much the same way as fire modeling. In addition, fire 
testing may support modeling by providing input data for 
models or by providing benchmark data that can be used to 
assess the accuracy and applicability of a model. 


17.5.2* Fire Test Methods. To the extent possible, fire test 
methods, procedures, and instrumentation should follow or 
be modeled after standard tests or test methods that have been 
reported in the fire science literature. Tests consistent with 
standard test methods or the fire science literature will con- 
tribute to the scientific credibility of the results. Testing not 
performed to a recognized standard should be consistent with 
the relevant facts of the case. Credible testing includes the use 
of materials and assemblies that are suitable exemplars of 
actual materials and assemblies, as well as conducting experi- 
ments that reflect the relevant conditions of the scene at the 
time of the fire. Valuable data may be obtained from testing 
that addresses limited aspects of a fire incident. 


17.5.3 Limitations of Fire Testing. While fire testing can pro- 
vide useful information, it is not possible to perfectly recreate 
all of the conditions of a specific fire that may affect the 
results of a full-scale test fire. Weather conditions are an 
example of a parameter that may not be reproduced readily 
and that may affect the results of a test fire. These conditions 
should be considered in reaching conclusions that are based 
on the test results. 


17.6 Data Required for Modeling and Testing. Scene data re- 
quired for modeling and testing, typically obtained by the fire 
investigator, are used to quantify or describe the scene and 
include structural dimensions, materials, contents, and size, loca- 
tion, and type of ventilation openings. 


17.6.1 Structural Dimensions. Dimensions of rooms and sizes 
of structural components as they apply to the fire in question 
are required to represent the geometry of the involved com- 
partments accurately. This information may be found in build- 
ing plans, layouts, or as-built drawings. In addition to rooms or 
building lengths and widths, the investigator should record 
other dimensions such as ceiling heights, interior room dimen- 
sions, wall thickness, and floor and ceiling slopes, as shown in 
Figure 17.6.1. 


17.6.2 Materials and Contents. A meaningful analysis of a 
fire requires understanding of the heat release rate, fire 
growth rate, and total heat released. The determination of 
these parameters requires identification of the types, quanti- 
ties, location, and configuration of fuel actually involved in the 
fire. For example, a vertical configuration will burn faster than 
a horizontal configuration of the same fuel. 


The composition, thickness, condition and layers of the 
materials comprising the walls, floors, windows, doors, and 
ceiling should be documented. The ceiling, wall, and decora- 
tive finishes, as well as the type, configuration, and condition 
of contents, should be documented. 
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FIGURE 17.6.1 Diagram of room and contents showing dimensions. 
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17.6.3 Ventilation. Understanding ventilation conditions is 
important to the validity of a fire test or model. The position 
and condition of doors, windows, skylights, and other sources 
of ventilation, such as thermostatically controlled exhaust 
fans, should be determined. Determining when ventilation 
sources were opened or closed is important. Ventilation 
effects may include wind, fire department ventilation, and 
HVAC operation and should be considered. 


Chapter 18 Explosions 


18.1*General. Historically, the term explosion has been diffi- 
cult to define precisely. 


The evidence that indicates an explosion occurred 
includes damage or change brought about by the restriction 
of the expanding blast pressure front as an integral element, 
producing physical effects on containers or nearby surfaces. 


This effect can result from the confinement of the blast 
pressure front or the impact of an unconfined pressure or 
shock wave on an object, such as a person or structure. 


For fire and explosion investigations, an explosion is the 
sudden conversion of potential energy (chemical or mechani- 
cal) into kinetic energy with the production and release of 
gas(es) under pressure. These high-pressure gases then do 
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mechanical work, such as moving, changing, or shattering 
nearby materials. 

Although an explosion is almost always accompanied by the 
production of a loud noise, the noise itself is not an essential 
element in the definition of an explosion. The generation and 
violent escape of gases are the primary criteria of an explosion. 

The ignition of a flammable vapor/air mixture within a 
can, which bursts the can or even only pops off the lid, is con- 
sidered an explosion. The ignition of the same mixture in an 
open field, while it is a deflagration, may not be an explosion 
as defined in this document, even though there may be the 
release of high-pressure gas, a localized increase in air pres- 
sure, and a distinct noise. The failure and bursting of a tank or 
vessel from hydrostatic pressure of a noncompressible fluid 
such as water is not an explosion, because the pressure is not 
created by gas. Explosions are gas dynamic. 

In applying this chapter, the investigator should keep in 
mind that there are numerous factors that control the effects 
of explosions and the nature of the damage produced. These 
factors include the type, quantity, and configuration of the 
fuel; the size and shape of the containment vessel or structure; 
the type and strength of the materials of construction of the 
containment vessel or structure; and the type and amount of 
venting present. (See Section 18.5.) 

Sections of this chapter present explosion analysis tech- 
niques and terms that have been developed primarily from the 
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analysis of explosions involving diffuse fuel sources, such as com- 
bustible industrial and fuel gases, dusts, and the vapors from 
ignitable liquids in buildings of lightweight construction. The 
reader is cautioned that application of these principles to struc- 
tures of other construction types may require additional 
research to other references on explosions. The analysis of 
explosions involving condensed-phase (solid or liquid) explo- 
sives, particularly detonating (high) explosives, may also require 
specialized knowledge that goes beyond the scope of this text. 


18.2* Types of Explosions. There are two major types of 
explosions with which investigators are routinely involved: 
mechanical and chemical, with several subtypes within these. 
These types are differentiated by the source or mechanism by 
which the explosive pressures are produced. 


18.2.1* Mechanical Explosions. Mechanical explosions are 
explosions in which a high-pressure gas produces a purely 
physical reaction. These reactions do not involve changes in 
the basic chemical nature of the substances in the container. 
A purely mechanical explosion is the rupture of a gas storage 
cylinder or tank under high pressure resulting in the release 
of the stored high-pressure gas, such as compressed air, car- 
bon dioxide, or oxygen. 


18.2.2 BLEVEs. The boiling liquid expanding vapor explo- 
sion (BLEVE) is the type of mechanical explosion that will be 
encountered most frequently by the fire investigator. These 
are explosions involving vessels that contain liquids under 
pressure at temperatures above their atmospheric boiling 
points. The liquid need not be flammable. BLEVEs are a sub- 
type of mechanical explosions but are so common that they 
are treated here as a separate explosion type. A BLEVE can 
occur in vessels as small as disposable lighters or aerosol cans 
and as large as tank cars or industrial storage tanks. 

A BLEVE frequently occurs when the temperature of the liq- 
uid and vapor within a confining tank or vessel is raised by an 
exposure fire to the point where the increasing internal pressure 
can no longer be contained and the vessel explodes. [See Figure 
18.2.2(a).] This rupture of the confining vessel releases the pres- 
surized liquid and allows it to vaporize almost instantaneously. If 
the contents are ignitable, there is almost always a fire. If the con- 
tents are noncombustible, there can still be a BLEVE, but no 
ignition of the vapors. Ignition usually occurs either from the 
original external heat that caused the BLEVE or from some elec- 
trical or friction source created by the blast or shrapnel. 


FIGURE 18.2.2(a) An LP-Gas cylinder that suffered a 
BLEVE as a result of exposure to an external fire. 


A BLEVE may also result from a reduction in the strength 
of a container as a result of mechanical damage or localized 
heating above the liquid level. This rupture of the confining 
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vessel releases the pressurized liquid and allows it to vaporize 
almost instantaneously. A common example of a BLEVE not 
involving an ignitable liquid is the bursting of a steam boiler. 
The source of overpressure is the steam created by heating 
and vaporizing water. When the pressure of the steam can no 
longer be confined by the boiler, the vessel fails and an explo- 
sion results. No chemical, combustion, or nuclear reaction is 
necessary. The steam under pressure is the energy source. The 
chemical nature of the steam (HO) is not changed. 

BLEVEs may also result from mechanical damage, overfill- 
ing, runaway reaction, overheating vapor-space explosion, and 
mechanical failure. See Figure 18.2.2(b), which shows the 
extent of possible damage from a BLEVE. 


FIGURE 18.2.2(b) A railroad tank car of butadiene that 
suffered a BLEVE as a result of heating created by an internal 
chemical reaction. 


18.2.3* Chemical Explosions. In chemical explosions, the 
generation of high-pressure gas is the result of exothermic 
reactions wherein the fundamental chemical nature of the 
fuel is changed. Chemical reactions of the type involved in an 
explosion usually propagate in a reaction front away from the 
point of initiation. 

Chemical explosions can involve solid combustibles or 
explosive mixtures of fuel and oxidizer, but more common to 
the fire investigator will be the propagating reactions involv- 
ing gases, vapors, or dusts mixed with air. Such combustion 
reactions are called propagation reactions because they occur 
progressively through the reactant (fuel), with a definable 
flame front separating the reacted and unreacted fuel. 


18.2.4 Combustion Explosions. The most common of the 
chemical explosions are those caused by the burning of com- 
bustible hydrocarbon fuels. These are combustion explosions 
and are characterized by the presence of a fuel with air as an 
oxidizer. A combustion explosion may also involve dusts. In 
combustion explosions, the elevated pressures are created by 
the rapid burning of the fuel and rapid production of large 
volumes of combustion by-products and heated gases. Because 
these events are likely to be encountered by the fire investiga- 
tor, combustion explosions are considered here as a separate 
explosion type. 

Combustion reactions are classified as either deflagrations 
or detonations, depending on the velocity of the flame front 
propagation through the fuel. Deflagrations are combustion 
reactions in which the velocity of the reaction is less than the 
speed of sound in the unreacted fuel medium. Detonations are 
combustion reactions in which the velocity of the reaction is 
faster than the speed of sound in the unreacted fuel medium. 
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Several subtypes of combustion explosions can be classified 
according to the types of fuels involved. The most common of 
these fuels are as follows: 


(1) Flammable gases 
(2) Vapors of ignitable (flammable and combustible) liquids 
(3) Combustible dusts 


(4) Smoke and flammable products of incomplete combus- 
tion (backdraft explosions) 


18.2.5 Electrical Explosions. High-energy electrical arcs may 
generate sufficient heat to cause an explosion. The rapid heat- 
ing of the surrounding gases results in a mechanical explosion 
that may or may not cause a fire. The clap of thunder accom- 
panying a lightning bolt is an example of an electrical explo- 
sion effect. Electrical explosions require special expertise to 
investigate and are not covered in this document. 


18.2.6 Nuclear Explosions. In nuclear explosions, the high 
pressure is created by the enormous quantities of heat pro- 
duced by the fusion or fission of the nuclei of atoms. The inves- 
tigation of nuclear explosions is not covered by this document. 


18.3 Characterization of Explosion Damage. For descriptive 
and investigative purposes, it can be helpful to characterize 
incidents, particularly in structures, on the basis of the type of 
damage noted. The terms high-order and low-order explosion have 
been used to characterize explosion damage. The terms high- 
yteld and low-yield explosion have also been used. Use of the 
terms high-order and low-order damage is recommended to 
reduce confusion with similar terms used to describe the 
energy release from explosives. (See Section 18.12.) The differ- 
ences in damage are more a function of the rate of pressure 
rise and the strength of the confining or restricting structure 
than the maximum pressures being reached. 

It should be recognized that the use of the terms low-order 
damage and high-order damage may not always be appropriate, 
and a site may contain evidence spanning both categories. 


18.3.1 Low-Order Damage. Low-order damage is character- 
ized by walls bulged out or laid down, virtually intact, next to 
the structure. Roofs may be lifted slightly and returned to their 
approximate original position. Windows may be dislodged, 
sometimes without glass being broken. Debris produced is gen- 
erally large and is thrown short distances. Low-order damage is 
produced by slow rates of pressure rise. (See Figure 18.3.1.) 


18.3.2* High-Order Damage. High-order damage is charac- 
terized by shattering of the structure, producing small, pulver- 
ized debris. Walls, roofs, and structural members are 
splintered or shattered, with the building completely demol- 
ished. Debris is thrown great distances, possibly hundreds of 
feet. High-order damage is the result of rapid rates of pressure 
rise. (See Figure 18.3.2.) 


18.4 Effects of Explosions. An explosion is a gas dynamic 
phenomenon that, under ideal theoretical circumstances, will 
manifest itself as an expanding spherical heat and pressure 
wave front. The heat and pressure waves produce the damage 
characteristic of explosions. The effects of explosions can be 
observed in four major groups: blast pressure wave effect, 
shrapnel effect, thermal effect, and seismic effect. 


18.4.1 Blast Pressure Front Effect. The explosion of a mate- 
rial produces a large quantity of gases. These gases expand at 
a high speed and move outward from the point of origin. The 
gases and the displaced air moved by the gases produce a pres- 


sure front that is primarily responsible for the damage and 
injuries associated with explosions. 


The blast pressure front occurs in two distinct phases, 
based on the direction of the forces in relation to the point of 
origin of the explosion. These are the positive pressure phase 
and negative pressure phase. 


A typical pressure history from an idealized detonation, 
measured at a point away from the point of detonation, is 
shown in Figure 18.4.1 and consists of positive and negative 
phases. The area under the pressure-time curve is called the 
impulse of the explosion. 


18.4.1.1 Positive Pressure Phase. The positive pressure phase 
is that portion of the blast pressure front in which the expand- 
ing gases are moving away from the point of origin. The posi- 
tive pressure phase is more powerful than the negative and is 
responsible for the majority of pressure damage. The negative 
pressure phase may be undetectable by witnesses or by post- 
blast examination in diffuse-phase (gas/vapor) explosions. 


18.4.1.2 Negative Pressure Phase. As the extremely rapid 
expansion of the positive pressure phase of the explosion 
moves outward from the origin of the explosion, it displaces, 
compresses, and heats the ambient surrounding air. A low air 
pressure condition (relative to ambient) is created at the epi- 
center or origin. When the positive pressure phase dissipates, 
air rushes back to the area of origin to equilibrate the low air 
pressure condition, creating the negative pressure phase. 


FIGURE 18.3.1 Low-order damage in a dwelling. 


— 
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FIGURE 18.3.2 High-order damage shown by shattered and 
splintered remains of a four-bedroom house. 
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FIGURE 18.4.1 Typical pressure history from an idealized 
detonation, measured at a point away from the point of 
detonation. 
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The negative pressure phase can cause secondary damage 
and move items of physical evidence toward the point of origin. 
Movement of debris during the negative pressure phase may 
conceal the point of origin. The negative pressure phase is usu- 
ally of considerably less power than the positive pressure phase 
but may be of sufficient strength to cause collapse of structural 
features already weakened by the positive pressure phase. 


18.4.1.3 Shape of Blast Front. Under ideal theoretical condi- 
tions, the shape of the blast front from an explosion would be 
spherical. It would expand evenly in all directions from the 
epicenter. In the real world, the confinement or obstruction 
of the blast pressure wave changes and modifies the direction, 
shape, and force of the front itself. 

Venting of the confining vessel or structure may cause dam- 
age outside of the vessel or structure. The most damage can be 
expected to be in the path of the venting. For example, the 
blast pressure front in a room may travel through a doorway 
and damage items or materials directly in line with the door- 
way in the adjacent room. The same relative effect may be seen 
directly in line with the structural seam of a tank or drum that 
fails before the sidewalls. 

The blast pressure front may also be reflected off solid 
obstacles and redirected, resulting in a substantial increase or 
possible decrease in pressure, depending on the characteris- 
tics of the obstacle struck. 

After propagating reactions have consumed their available 
fuel, the force of the expanding blast pressure front decreases 
with the increase in distance from the epicenter of the explo- 
sion. 


18.4.1.4 Rate of Pressure Rise versus Maximum Pressure. The 
type of damage caused by the blast pressure front of an explo- 
sion is dependent not only on the total amount of energy gen- 
erated but also, and often to a larger degree, on the rate of 
energy release and the resulting rate of pressure rise. 

Relatively slow rates of pressure rise will produce the push- 
ing or bulging type of damage effects seen in low-order dam- 
age. The weaker parts of the confining structure, such as 
windows or structural seams, will rupture first, thereby venting 
the blast pressure wave and reducing the total damage effects 
of the explosion. 

In explosions where the rate of pressure rise is very rapid, 
there will be more shattering of the confining vessel or con- 
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tainer, and debris will be thrown great distances, as the vent- 
ing effects are not allowed sufficient time to develop. This is 
characteristic of high-order damage. 

Where the pressure rise is less rapid, the venting effect will 
have an important impact on the maximum pressure devel- 
oped. (See NFPA 68, Guide for Venting of Deflagrations, for equa- 
tions, data, and guidance on calculating the theoretical effect 
of venting on pressure during a deflagration.) Such calcula- 
tions assume a structure or vessel that can sustain such a high 
pressure. The maximum theoretical pressure developable by a 
deflagration can, under some circumstances, be as high as 7 to 
9 atmospheres [in the range of 120 psi (827 kPa)]. In com- 
monly encountered situations, such as fugitive gas explosions 
in residential or commercial buildings, the maximum pressure 
will be limited to a level slightly higher than the pressure that 
major elements of the building enclosure (e.g., walls, roof, and 
large windows) can sustain without rupture. In a well-built res- 
idence, this pressure will seldom exceed 3 psi (21 kPa). 


18.4.2 Shrapnel Effect. When the containers, structures, or 
vessels that contain or restrict the blast pressure fronts are rup- 
tured, they are often broken into pieces that may be thrown over 
great distances. These pieces of debris are called shrapnel or mis- 
siles. They can cause great damage and personal injury, often far 
from the source of the explosion. In addition, shrapnel can 
often sever electric utility lines, fuel gas or other flammable fuel 
lines, or storage containers, thereby adding to the size and inten- 
sity of postexplosion fires or causing additional explosions. 

The distance to which missiles can be propelled outward 
from an explosion depends greatly on their initial direction. 
Other factors include their weight and aerodynamic charac- 
teristics. An idealized diagram for missile trajectories is shown 
in Figure 18.4.2 for several different initial directions. The 
actual distances that missiles can travel depend greatly on 
aerodynamic conditions and occurrences of ricochet impacts. 


FIGURE 18.4.2 Idealized missile trajectories for several 
initial flight directions. 


Height 


Distance 


18.4.3 Thermal Effect. Combustion explosions release quan- 
tities of energy that heat combustion gases and ambient air to 
high temperatures. This energy can ignite nearby combustibles 
or can cause burn injuries to anyone nearby. These secondary 
fires increase the damage and injury from the explosion and 
complicate the investigation process. Often, it is difficult to 
determine which occurred first, the fire or the explosion. 

All chemical explosions produce great quantities of heat. 
The thermal damage (see effective temperature in 4.8.1) depends 
on the nature of the explosive fuel as well as the duration of 
the high temperatures. Detonating explosions produce 
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extremely high temperatures of very limited duration, 
whereas deflagration explosions produce lower temperatures, 
but for much longer periods. 

Fireballs and firebrands are possible thermal effects of 
explosions, particularly BLEVEs involving flammable vapors. 
Fireballs are the momentary ball of flame present during or 
after the explosive event. High-intensity, short-duration ther- 
mal radiation may be present with a fireball. Firebrands are 
hot or burning fragments propelled from the explosion. All 
these effects may serve to initiate fires away from the center of 
the explosion. 


18.4.4 Seismic Effect. As the blast pressure wave expands, 
and as the damaged portions of large structures are knocked 
to the ground, significant localized seismic or earth tremors 
can be transmitted through the ground. These seismic effects, 
usually negligible for small explosions, can produce addi- 
tional damage to structures and underground utility services, 
pipelines, tanks, or cables. 


18.5 Factors Controlling Explosion Effects. Factors that can 
control the effects of explosions include the type and configu- 
ration of the fuel; nature, size, volume, and shape of any con- 
tainment vessel or object affected; location and magnitude of 
ignition source; venting of the containment vessel; relative 
maximum pressure; and rate of pressure rise. The nature of 
these factors and their various combinations in any one explo- 
sion incident can produce a wide variety of physical effects 
with which the investigator will be confronted. 

Various phenomena affect the characteristics of a blast 
pressure front as it travels away from the source. These phe- 
nomena are described in 18.5.1 and 18.5.2. 


18.5.1 Blast Pressure Front Modification by Reflection. As a 
blast pressure front encounters objects in its path, the blast 
pressure front may amplify due to its reflection. This reflec- 
tion in some cases will cause the overpressure to increase and 
will sometimes amplify it as much as eight times at the surface 
of reflection, depending on the angle of incidence. This effect 
is negligible with deflagrations, where the pressure in an 
entire vessel equalizes at approximately the speed of sound in 
air (i.e., a strong shock wave is not present). 


18.5.2 Blast Pressure Front Modification by Refraction and 
Blast Focusing. Atmospheric inhomogeneities can cause non- 
ideal blast pressure front behavior at times. When a blast pres- 
sure front encounters a layer of air at a significantly different 
temperature, it may cause it to bend, or refract. This occurs 
because the speed of sound is proportional to the square root 
of temperature in air. A low-level temperature inversion can 
cause an initially hemispherical blast front to refract and to 
focus on the ground around the center of the explosion. Severe 
weather-related wind shear can cause focusing in the downwind 
direction. This effect is negligible with deflagrations. 


18.6 Seated Explosions. The seat of an explosion is defined 
as the crater or area of greatest damage, located at the point 
of initiation (epicenter) of an explosion. Material may be 
thrown out of the crater. This material is called ejecta and may 
range from large rocks to fine dust. The presence of a seat 
indicates the explosion of a concentrated fuel source in con- 
tact with or in close proximity to the seat. 

These seats can be of any size, depending on the size and 
strength of the explosive material involved. They typically 
range in size from a few inches (cm) to 25 ft (7.6 m) in diam- 
eter. They display an easily recognizable crater of pulverized 
soil, floors, or walls located at the center of otherwise less dam- 


aged areas. Seated explosions are generally characterized by 
high pressure and rapid rates of pressure rise. 

Only specific types or configurations of explosive fuels can 
produce seated explosions. These include explosives, steam boil- 
ers, tightly confined fuel gases or liquid fuel vapors, and BLEVEs 
occurring in relatively small containers, such as cans or barrels. 

In general, it is accepted that explosive velocities should 
exceed the speed of sound (detonations) to produce seated 
explosions, unless the damage is produced by shrapnel from a 
failing vessel. 


18.6.1 Explosives. Explosions fueled by many explosives are 
most easily identified by their highly centralized epicenters, or 
seats. High explosives especially produce such high-velocity, 
positive pressure phases at detonation that they often shatter 
their immediate surroundings and produce craters or highly 
localized areas of great damage. 


18.6.2 Boiler and Pressure Vessels. A boiler explosion often 
creates a seated explosion because of its high energy, rapid 
rate of pressure release, and confined area of origin. 

Boiler and pressure vessel explosions will exhibit effects 
similar to explosives, though with lesser localized overpressure 
near the source. 

Each of these explosions involves a rapid release of energy 
from a containment vessel, resulting in a pressure wave that 
decays with distance. 


18.6.3 Confined Fuel Gas and Liquid Vapor. Fuel gases or 
ignitable liquid vapors — when confined to such small vessels 
as tanks, barrels, or other containers — can also produce 
seated explosions. 


18.6.4 BLEVE. A boiling liquid expanding vapor explosion 
will produce a seated explosion if the confining vessel (e.g., a 
barrel or small tank) is of a small size and if the rate of pressure 
release when the vessel fails is rapid enough. 


18.7 Nonseated Explosions. Nonseated explosions occur most 
often when the fuels are dispersed or diffused at the time of the 
explosion because the rates of pressure rise are moderate and 
because the explosive velocities are subsonic. It should be kept in 
mind that even supersonic detonations may produce nonseated 
explosions under certain conditions. 


18.7.1 Fuel Gases. Fuel gases, such as natural gas and lique- 
fied petroleum (LP) gases, most often produce nonseated 
explosions. This is because these gases often are confined in 
large containers, such as individual rooms or structures, and 
their explosive speeds are subsonic. 


18.7.2 Pooled Flammable/Combustible Liquids. Explosions 

from the vapors of pooled flammable or combustible liquids 
are nonseated explosions. The large areas that they cover and 
their subsonic explosive speeds preclude the production of 
small, high-damage seats. 


18.7.3* Dusts. Although dust explosions are often among 
the most violent and damaging of explosions, they most often 
occur in confined areas of relatively wide dispersal, such as 
grain elevators, materials-processing plants, and coal mines. 
These large areas of origin preclude the production of pro- 
nounced seats. 


18.7.4 Backdraft or Smoke Explosion. Backdraft or smoke 
explosions almost always involve a widely diffused volume of 
combustible gases and particulate matter. Their explosive 
velocities are subsonic, thereby precluding the production of 
pronounced seats. 
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Table 18.8 Combustion Properties of Common Flammable Gases 


Limits of 
Flammability Air Air 
Percent by Needed Needed 
Volume in Air Specific toBurn to Burn Ignition Temp 
Btu per ft? = MJ/m? Gravity 1f’of I1miof 
Gas (gross) (gross) Lower Upper (air=1.0) Gasin ft? Gas in m? °F °C 
Natural gas 
High inert type* 958-1051 35.7-39.2 4.5 14.0 0.660-0.708 9.2 9.2 = = 
High methane 1008-1071 37.6-39.9 4.7 15.0 0.590-0.614 10.2 10.2 900-1170 482-632 
type> 
High Btu type* 1071-1124 39.9-41.9 4.7 14.5 0.620-0.719 9.4 9.4 _— —_ 
Blast furnace gas 81-111 3.0-4.1 33.2 71.3 1.04-1.00 0.8 0.8 _— _— 
Coke oven gas 575 21.4 4.4 34.0 0.38 4.7 4.7 — — 
Propane (commercial) 2516 93.7 2.15 9.6 1.52 24.0 24.0 920-1120 493-604 
Butane (commercial) 3300 122.9 1.9 8.5 2.0 31.0 31.0 900-1000 482-538 
Sewage gas 670 24.9 6.0 17.0 0.79 6.5 6.5 — — 
Acetylene 1499 208.1 2.5 81.0 0.91 11.9 11.9 581 305 
Hydrogen 325 12.1 4.0 75.0 0.07 2.4 2.4 932 500 
Anhydrous ammonia 386 14.4 16.0 25.0 0.60 8.3 8.3 1204 651 
Carbon monoxide 314 11.7 12.5 74.0 0.97 2.4 2.4 1128 609 
Ethylene 1600 59.6 2.7 36.0 0.98 14.3 14.3 914 490 
Methyl acetylene, 2450 91.3 3.4 10.8 1.48 _— —_ 850 454 


propadiene, stabilized4 


aTypical composition CH, 71.9-83.2%; No 6.3-16.20%. 
bTypical composition CH, 87.6-95.7%; No 0.1-2.39%. 
‘Typical composition CH 85.0-90.1%; No 1.2-7.5%. 


dM APP® Gas from the NFPA Fire Protection Handbook, 17th ed., Table 3.7C. 


18.8 Gas/Vapor Explosions. The most commonly encoun- 
tered explosions are those involving gases or vapors, especially 
fuel gases or the vapors of ignitable liquids. Violent explosions 
can be encountered with lighter-than-air gases, such as natural 
gas, but are reported less frequently than with gases or vapors 
having vapor densities higher than 1.0 (heavier than air). 
Table 18.8 provides some useful properties of common flam- 
mable gases. NFPA 68, Guide for Venting of Deflagrations, pro- 
vides a more complete introduction to the fundamentals of 
these explosions. 


18.8.1* Minimum Ignition Energy for Gases and Vapors. Gas- 
eous fuel—air mixtures are the most easily ignitable fuels capa- 
ble of causing an explosion. Ignition temperatures in the 
700°F to 1100°F (370°C to 590°C) range are common. Mini- 
mum ignition energies begin at approximately 0.25 millijoules. 


18.8.2 Interpretation of Explosion Damage. The explosion 
damage to structures (low-order and high-order) is related to 
a number of factors. These include the fuel—air ratio, vapor 
density of the fuel, turbulence effects, volume of the confin- 
ing space, location and magnitude of the ignition source, 
venting, and the characteristic strength of the structure. 
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18.8.2.1* Fuel—Air Ratio. Often the nature of damage to the 
confining structure can be an indicator of the fuel-air mixture 
at the time of ignition. 

Some fire investigation literature has indicated that an 
entire volume should be occupied by a flammable mixture of 
gas and air for there to be an explosion. This is not the case, 
because relatively small volumes of explosive mixtures capable 
of causing damage may result from gases or vapors collecting 
in a given area. (See 18.8.2. 2.) 

Explosions that occur in mixtures at or near the lower 
explosive limit (LEL) or upper explosive limit (UEL) of a gas 
or vapor produce less violent explosions than those near the 
optimum concentration (i.e., usually just slightly rich of sto- 
ichiometric). This is because the less-than-optimum ratio of 
fuel and air results in lower flame speeds and lower maximum 
pressures. In general, these explosions tend to push and heave 
at the confining structure, producing low-order damage. 

The flame speed is the local velocity of a freely propagating 
flame relative to a fixed point. It is the sum of the burning 
velocity and the translational velocity of the flame front. The 
maximum laminar flame speeds for methane and propane are 
11.5 ft/s (3.5 m/s) and 13.1 ft/s (4 m/s), respectively. 
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The burning velocity is the rate of flame propagation relative 
to the velocity of the unburned gas ahead of it. The fundamen- 
tal burning velocity is the burning velocity for laminar flame 
under stated conditions of composition, temperature, and pres- 
sure of the unburned gas. Fundamental burning velocity is an 
inherent characteristic of a combustible and is a fixed value, 
whereas flame speed can vary widely, depending on the existing 
parameters of temperature, pressure, confining volume and 
configuration, combustible concentration, and turbulence. 

The burning velocity is the velocity at which a flame reac- 
tion front moves into the unburned mixture as it chemically 
transforms the fuel and oxidant into combustion products. It 
is only a fraction of the flame speed. The transitional velocity 
is the sum of the velocity of the flame front caused by the vol- 
ume expansion of the combustion products due to the 
increase in temperature and any increase in the number of 
moles and any flow velocity due to motion of the gas mixture 
prior to ignition. The burning velocity of the flame front can 
be calculated from the fundamental burning velocity, which is 
reported in NFPA 68, Guide for Venting of Deflagrations, at stan- 
dardized conditions of temperature, pressure, and composi- 
tion of unburned gas. As pressure and turbulence increase 
substantially during an explosion, the fundamental burning 
velocity will increase, further accelerating the rate of pressure 
increase. NFPA 68 lists data on the various materials. 

Explosions of mixtures near the LEL do not tend to pro- 
duce large quantities of postexplosion fire, as nearly all of the 
available fuel is consumed during the explosive propagation. 

Explosions of mixtures near the UEL tend to produce pos- 
texplosion fires because of the fuel-rich mixtures. The delayed 
combustion of the remaining fuel produces the postexplosion 
fire. Often, a portion of the mixture over the UEL has fuel that 
does not burn until it is mixed with air during the explosion’s 
venting phase or negative pressure phase, thereby producing 
the characteristic following fire. 

When optimum (i.e., most violent) explosions occur, it is 
almost always at mixtures near or just above the stoichiometric 
mixture (ie., slightly fuel rich). This is the optimum mixture. 
These mixtures produce the most efficient combustion and, 
therefore, the highest flame speeds, rates of pressure rise, maxi- 
mum pressures, and consequently the most damage. Postexplo- 
sion fires can occur if there are pockets of overly rich mixture. 

For common lighter-than-air gases in residential buildings, 
an explosion involving an optimum concentration will some- 
times result in some destructive shattering effects of wooden 
structural materials. 


18.8.2.2* Vapor Density. The vapor density of the gas or vapor 
fuel can have a marked effect on the nature of the explosion 
damage to the confining structure. This is especially true in dwell- 
ings and other buildings. While air movement from both natural 
and forced convection is the dominant mechanism for moving 
gases in a structure, the vapor density can affect the movement of 
a gas or vapor as it escapes from its container or pipeline. 

While a gas leak is in progress, heavier-than-air gases and 
vapors (i.e., vapor density greater than 1.0), such as from ignit- 
able liquids and LP-Gases, tend to flow to lower areas. Lighter- 
than-air gases, such as natural gas, tend to rise and flow to 
upper areas. For example, signs of postblast burning in pock- 
eted areas between ceiling joists may be indicative of a lighter- 
than-air fuel rather than heavier-than-air gases or vapors. (See 
4.17.9.) Due to their higher mobility and tendency to escape 
upward, lighter-than-air gases are less likely to produce haz- 
ardous situations than heavier-than-air gases, which can flow 
into basements, crawl spaces, wells, and tanks. 


A natural gas leak in the first story of a multistory structure 
may well be manifested in an explosion with an epicenter in 
an upper story. The natural gas, being lighter than air, will 
have a tendency to rise through natural openings and may 
even migrate inside walls. The gas will continue to disperse in 
the structure until an ignition source is encountered. 

An LP-Gas leak on the first story of a house, if it is not ignited 
there, can travel away from the source and, due to its density, will 
tend to migrate downward. During the leak and for some time 
thereafter, the gas may be at a higher concentration in low areas. 

Ignition of the gas will occur only if the concentration is 
within the flammable limits and in contact with a competent 
ignition source (one with enough energy). 

Whether lighter- or heavier-than-air gases are involved, 
there may be evidence of the passage of flame where the fuel 
air layer was. Scorching, blistering of paintwork, and showing 
of “tidemarks” are indicators of this type of phenomena. The 
operation of heating and air-conditioning systems, tempera- 
ture gradients, and the effects of wind on a building can cause 
mixing and movement that can reduce the effects of vapor 
density. Vapor density effects are greatest in still-air conditions. 

Full-scale testing of the distribution of flammable gas con- 
centrations in rooms has shown that near stoichiometric con- 
centrations of gas will develop between the location of the leak 
and either (1) the ceiling for lighter-than-air gases or (2) the 
floor for heavier-than-air gases. It was also reported that a 
heavier-than-air gas that leaked at floor level will create a 
greater concentration at floor level and that the gas will slowly 
diffuse upward. A similar but inverse relationship is true for a 
lighter-than-air gas leaked at ceiling height. Ventilation, both 
natural and mechanical, can change the movement and mixing 
of the gas and can result in gas spreading to adjacent rooms. 

The vapor density of the fuel is not necessarily indicated by 
the relative elevation of the structural explosion damage above 
floor level. It was once widely thought that if the walls ofa partic- 
ular structure were blown out at floor level, the fuel gas would 
be heavier than air, and, conversely, if the walls were blown out 
at ceiling level, the fuel would be lighter than air. Since explo- 
sive pressure within a room equilibrates at the speed of sound, a 
wall will experience a similar pressure-time history across its 
entire height. The level of the explosion damage within a con- 
ventional room is a function of the construction strength of the 
wall headers and bottom plates, the least resistive giving way first. 


18.8.2.3 Turbulence. Turbulence within a fuel—air mixture 
increases the flame speed and, therefore, greatly increases the 
rate of combustion and the rate of pressure rise. Turbulence can 
produce rates of pressure rise with relatively small amounts of 
fuel that can result in high-order damage even though there may 
have only been a lean limit [i.e., lower flammable limit (LFL) ] 
mixture present. The shape and size of the confining vessel can 
have a profound effect on the severity of the explosion by affect- 
ing the nature of turbulence. The presence of many obstacles in 
the path of the combustion wave has been shown to increase tur- 
bulence and greatly increase the severity of the explosion, 
mainly due to increasing the flame speed of the mixture 
involved. Other mixing and turbulence sources, such as fans and 
forced-air ventilation, may increase the explosion effects. 


18.8.2.4* Nature of Confining Space. The nature of contain- 
ment, its size, shape, construction, volume, materials, and 
design, will also greatly change the effects of the explosion. 
For example, a specific percentage by volume of natural gas 
mixed with air will produce completely different effects if it is 
contained in a 1000 ft? (28.3 m3) room than if it is contained 
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in a 10,000 ft? (283.2 m?) room at the time of ignition. This is 
true even though the velocity of the flame front and the max- 
imum overpressure achieved will be essentially the same. 

A long, narrow corridor filled with a combustible vapor/air 
mixture, when ignited at one end, will be very different in its 
pressure distribution, rate of pressure rise, and its effects on 
the structure than if the same volume of fuel—air were ignited 
in a cubical compartment. 

In general, the smaller the volume of the vessel, the higher 
the rate of pressure rise for a given fuel—air mixture, and the 
more violent the explosion. 

During the explosion, turbulence caused by obstructions 
within the containment vessel can increase the damage effects. 
This turbulence can be caused by solid obstructions, such as 
columns or posts, machinery, or wall partitions, which increase 
flame speed, and thus increase the rate of pressure rise. 


18.8.2.5* Location and Magnitude of Ignition Source. The 
highest rate of pressure rise will occur if the ignition source is in 
the center of the confining structure. The closer the ignition 
source is to the walls of the confining vessel or structure, the 
sooner the flame front will reach the wall and be cooled by heat 
transfer to the walls. The result is a loss of energy and a corre- 
sponding lower rate of pressure rise and a less violent explosion. 
The energy of the ignition source generally has a minimal effect 
on the course of an explosion, but unusually large ignition 
sources (e.g., blasting caps or explosive devices) can significantly 
increase the speed of pressure development and, in some 
instances, can cause a deflagration to transition into a detonation. 


18.8.2.6 Venting. With gas-, vapor-, or dust-fueled explosions, 
the venting of the containment vessel will also have a profound 
effect on the nature of explosion damage. For example, it is pos- 
sible to cause a length of steel pipe to burst in the center if it is 
sufficiently long, in spite of the fact that it may be open at both 
ends. The number, size, and location of doors and windows in a 
room may determine whether the room experiences complete 
destruction or merely a slight movement of the walls and ceiling. 

Venting of a confining vessel or structure may also cause 
damage outside of the vessel or structure. The most damage 
can be expected in the path of venting. For example, the blast 
pressure front in a room may travel through a doorway and 
may damage items or materials directly in line with the door- 
way in the adjacent room. The same relative effect may be seen 
directly in line with the structural seam of a tank or drum that 
fails before the sidewalls. 

With detonations, venting effects are minimal, as the high 
speeds of the blast pressure fronts are too fast for any venting 
to relieve the pressures. 


18.8.3 Underground Migration of Fuel Gases. It is quite com- 
mon for fuel gases that have leaked from underground piping 
systems to migrate underground, enter structures, and fuel 
fires or explosions there. Because the soil surrounding under- 
ground pipes and utility lines has been more disturbed than 
adjacent soil, it is generally less dense and more porous. Both 
lighter-than-air and heavier-than-air fugitive fuel gases will 
tend to follow the exterior of such underground constructions 
and can enter structures in this manner. Often these fugitive 
gases will permeate the soil, migrate upward, and dissipate 
harmlessly onto the air. However, if the surface of the ground 
is then obstructed by rain, snow, freezing, or new paving, the 
gases may migrate laterally and enter structures. 

Fuel gases migrating underground have been known to 
enter buildings by seeping into sewer lines, underground elec- 
trical or telephone conduits, drain tiles, or even directly 
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through basement and foundation walls, none of which is as 
gastight as water or gas lines. 

In addition, gases can move through underground con- 
duits for hundreds of feet and then fuel explosions or fires in 
distant structures. (See 7.9. 7. ) 

Natural gas and propane have little or no natural odors of 
their own. In order for them to be readily detected when leak- 
ing, foul smelling malodorant compounds are added to the 
gases. Odorant verification should be a part of any explosion 
investigation involving or potentially involving fuel gas, espe- 
cially if it appears that there were no indications of a leaking 
gas being detected by people present. The odorant’s pres- 
ence, in the proper amount, should be verified. (See 7.2.4.) 


18.8.4* Multiple Explosions. A_ migration and _ pocketing 
effect is also often manifested by the production of multiple 
explosions, generally referred to as secondary explosions (and 
sometimes cascade explosions). Gas and vapors that have migrated 
to adjacent stories or rooms can collect or pocket on each level. 
When an ignition and explosion takes place in one story or room, 
subsequent explosions can occur in adjoining areas or stories. 

The migration and pocketing of gases often produces areas 
or pockets with different air-fuel mixtures. One pocket could 
be within the explosive range of the fuel, while a pocket in an 
adjoining room or story could be over the upper explosive 
limit (UEL). When the first mixture is ignited and explodes, 
damaging the structure, the dynamic forces of the explosion, 
including the positive and negative pressure phases, tend to 
mix air into the fuel-rich mixture and bring it into the explo- 
sive range. This mixture in turn will explode if an ignition 
source of sufficient energy is present. In this way, a series of 
vapor/gas explosions is possible. 

Multiple explosions are a very common occurrence. How- 
ever, often the explosions occur so rapidly that witnesses 
report hearing only one, but the physical evidence, including 
multiple epicenters, indicates more than one explosion. 

A secondary or cascade explosion into an adjacent compart- 
ment can be more violent than the primary explosion in certain 
situations. This violence is generally due to the first explosion 
acting as a very strong ignition source, creating additional tur- 
bulence and possible precompression in the compartment. 


18.9 Dust Explosions. Finely divided solid materials (e.g., 
dusts and fines), when dispersed in the air, can fuel particu- 
larly violent and destructive explosions. Even materials that 
are not normally considered to be combustible, such as aspi- 
rin, aluminum, or milk powders, can produce explosions 
when burned as dispersed dusts. 

Dust explosions occur in a wide variety of materials: agricul- 
tural products, such as grain dusts and sawdust; carbonaceous 
materials, such as coal and charcoal; chemicals; drugs, such as 
aspirin and ascorbic acid (i.e., vitamin C); dyes and pigments; 
metals, such as aluminum, magnesium, and titanium; plastics; 
and resins, such as synthetic rubber. 

NFPA 68, Guide for Venting of Deflagrations, provides a more 
complete introduction to fundamentals of dust explosions. 


18.9.1* Particle Size. Since the combustion reaction takes 
place at the surface of the dust particle, the rates of pressure 
rise generated by combustion are largely dependent on the sur- 
face area of the dispersed dust particles. For a given mass of 
dust material, the total surface area, and consequently the vio- 
lence of the explosion, increases as the particle size decreases. 
The finer the dust, the more violent is the explosion. In gen- 
eral, an explosion hazard concentration of combustible dusts 
can exist when the particles are 420 microns or less in diameter. 
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18.9.2* Concentration. The concentration of the dust in air 
has a profound effect on its ignitability and violence of the blast 
pressure wave. As with ignitable vapors and gases, there are min- 
imum explosive concentrations of specific dusts required for a 
propagating combustion reaction to occur. Minimum concen- 
trations can vary with the specific dust from as lowas 0.015 0z/ft? 
to 2.0 oz/ft® (20 g/m? to 2000 g/m) with the most common 
concentrations being less than 1.0 0z/ft? (1000 g/m°). 

Unlike most gases and vapors, however, there is generally 
no reliable maximum limit of concentration. The reaction 
rate is controlled more by the surface-area-to-mass ratio than 
by a maximum concentration. 

Similar to gases and vapors, the rate of pressure rise and the 
maximum pressure that occur in the dust explosion are higher 
if the pre-explosion dust concentration is at or close to the opti- 
mum mixture. The combustion rate and maximum pressure 
decrease if the mixture is fuel rich or fuel lean. The rate of pres- 
sure rise and total explosion pressure are very low at the lower 
explosive limit and at very high fuel-rich concentrations. 


18.9.3 Turbulence in Dust Explosions. Turbulence within the 
suspended dust-air mixture greatly increases the rate of combus- 
tion and thereby the rate of pressure rise. The shape and size of 
the confining vessel can have a profound effect on the severity of 
the dust explosion by affecting the nature of turbulence. An 
example is the pouring of grain from a great height into a largely 
empty storage bin. 


18.9.4* Moisture. Generally, increasing the moisture content 
of the dust particles increases the minimum energy required 
for ignition and the ignition temperature of the dust suspen- 
sion. The initial increase in ignition energy and temperature 
is generally low, but, as the limiting value of moisture concen- 
tration is approached, the rate of increase in ignition energy 
and temperature becomes high. Above the limiting values of 
moisture, suspensions of the dust will not ignite. The moisture 
content of the surrounding air, however, has little effect on 
the propagation reaction once ignition has occurred. 


18.9.5 Minimum Ignition Energy for Dust. Dust explosions have 
been ignited by open flames, smoking materials, lightbulb fila- 
ments, welding and cutting, electric arcs, static electric discharges, 
friction sparks, heated surfaces, and spontaneous heating. 

Ignition temperatures for most material dusts range from 
600°F to 1100°F (320°C to 590°C). Layered dusts generally have 
lower ignition temperatures than the same dusts suspended in 
air. Minimum ignition energies are higher for dusts than for gas 
or vapor fuels and generally fall within the range of 10 to 40 mil- 
lijoules, higher than most flammable gases or vapors. 


18.9.6 Multiple Explosions. Dust explosions in industrial sce- 
narios usually occur in a series. The initial ignition and explo- 
sion are most often less severe than subsequent secondary 
explosions. However, the first explosion puts additional dust 
into suspension, which results in additional explosions. The 
mechanism for this is that structural vibrations and the blast 
front from one explosion will propagate faster than the flame 
front, lofting dust ahead of it and entraining it in the air. In facil- 
ities such as grain elevators, these secondary explosions often 
progress from one area to another, or from building to building. 


18.10 Backdraft or Smoke Explosions. When fires occur 
within rooms or structures that are relatively airtight, it is com- 
mon for fires to become oxygen depleted. In these cases, high 
concentrations of heated airborne particulates and aerosols, car- 
bon monoxide, and other flammable gases can be generated 
due to incomplete combustion. These heated fuels will collect in 


a structure where there is insufficient oxygen to allow combus- 
tion to occur and insufficient ventilation to allow them to escape. 
When this accumulation of fuels mixes with air, such as by 
the opening of a window or door, they can ignite and burn suf- 
ficiently fast to produce low-order damage, though usually 
with less than 2 psi (13.8 kPa) overpressure in conventional 
structures. These are called backdrafts and smoke explosions. 


18.11 Outdoor Vapor Cloud Explosions. An outdoor vapor 
cloud explosion is the result of the release of gas, vapor, or 
mist into the atmosphere, forming a cloud within the fuel’s 
flammable limits and causing subsequent ignition. The princi- 
pal characteristic of the event is potentially damaging pres- 
sures within and beyond the boundary of the cloud due to 
deflagration or detonation phenomena. 

This phenomenon also has been referred to as an uncon- 
fined vapor air explosion or unconfined vapor cloud explosion. 
While completely unconfined, vapor cloud explosions are pos- 
sible. Most involve at least some partial restriction of pressure 
by manmade or natural structures. 

Outdoor vapor cloud explosions have generally occurred 
at process plants and in flammable liquid or flammable gas 
storage areas or have involved large transport vehicles (e.g., 
railroad tank cars). Large amounts of fuel (hundreds of 
pounds or more) are generally involved. 


18.12* Explosives. Explosives are any chemical compound, 
mixture, or device, the primary purpose of which is to func- 
tion by explosion. Explosives are categorized into two main 
types: low explosives and high explosives (not to be confused 
with low-order and high-order damage). 


18.12.1 Low Explosives. Low explosives are characterized by 
deflagration (subsonic blast pressure wave) or a relatively slow 
rate of reaction and the development of low pressure when ini- 
tiated. Common low explosives are smokeless gunpowder, 
flash powders, solid rocket fuels, and black powder. Low 
explosives are designed to work by the pushing or heaving 
effects of the rapidly produced hot reaction gases. 

It should be noted that some low explosives (i.e., double- 
base smokeless powder) can achieve detonation under cir- 
cumstances where confinement is adequate to produce suffi- 
cient reaction speed, where the ignition source is very strong, 
or where instabilities in combustion occur. 


18.12.2 High Explosives. High explosives are characterized 
by a detonation propagation mechanism. Common high 
explosives are dynamites, water gel, TNT, ANFO, RDX, and 
PETN. High explosives are designed to produce shattering 
effects by virtue of their high rate-of-pressure rise and 
extremely high detonation pressure [on the order of 
1,000,000 psi (6,900,000 kPa)]. These high, localized pres- 
sures are responsible for cratering and localized damage near 
the center of the explosion. 

The effects produced by diffuse phase (i.e., fuel—air) explo- 
sions and solid explosives are very different. In a diffuse phase 
explosion (usually deflagration), structural damage will tend to 
be uniform and omnidirectional, and there will be relatively 
widespread evidence of burning, scorching, and blistering. In 
contrast, the rate of combustion of a solid explosive is extremely 
fast in comparison to the speed of sound. Therefore, pressure 
does not equalize through the explosion volume and extremely 
high pressures are generated near the explosive. The pressure 
and the resultant level of damage rapidly decay with distance 
away from the center of the explosion. At the location of the 
explosion, there should be evidence of crushing, splintering, 
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and shattering effects produced by the higher pressures. Away 
from the source of the explosion, there is usually very little evi- 
dence of intense burning or scorching, except where hot shrap- 
nel or firebrands have landed on combustible materials. 


18.12.3 Investigation of Explosive Incidents. The investiga- 
tion of incidents involving explosives requires very specialized 
training. Explosives are strictly regulated by local and federal 
laws, so most explosives incidents will be investigated by law 
enforcement or regulatory agencies. It is suggested that only 
investigators with the appropriate training endeavor to con- 
duct such investigations. Those without this training should 
contact law enforcement or other agencies for assistance. 


18.13 Investigating the Explosion Scene. The objectives of 
the explosion scene investigation are no different from those for 
a regular fire investigation: determine the origin, identify the fuel 
and ignition source, determine the cause, and establish the 
responsibility for the incident. A systematic approach to the scene 
examination is equally or even more important in an explosion 
investigation than in a fire investigation. Explosion scenes are 
often larger and more disturbed than fire scenes. Without a pre- 
planned, systematic approach, explosion investigations become 
even more difficult or impossible to conduct effectively. 

Typical explosion incidents can range from a small pipe 
bomb in a dwelling to a large process explosion encompassing 
an entire facility. While the investigative procedures described 
in 18.13.1 through 18.13.3 are more comprehensive for the 
large incidents, the same principles should be applied to small 
incidents, with appropriate simplification. 

When damage is very extensive and includes much struc- 
tural damage, an explosion dynamics expert and a structural 
expert should be consulted early in the investigation to aid in 
the complex issues involved. 


18.13.1 Securing the Scene. The first duty of the investigator 
is to secure the scene of the explosion. First responders to the 
explosion should establish and maintain physical control of 
the structure and surrounding areas. Unauthorized persons 
should be prevented from entering the scene or touching 
blast debris remote from the scene itself because the critical 
evidence from an explosion (whether accidental or criminal) 
may be very small and may be easily disturbed or moved by 
people passing through. Evidence is also easily picked up on 
shoes and tracked out. Properly securing the scene also tends 
to prevent additional injuries to unauthorized persons or to 
the curious who may attempt to enter an unsafe area. 


18.13.1.1 Establishing the Scene. As a general rule, the outer 
perimeter of the incident scene should be established at 1!/, 
times the distance of the farthest piece of debris found. Signif- 
icant pieces of blast debris can be propelled great distances or 
into nearby buildings or vehicles, and these areas should be 
included in the scene perimeter. If additional pieces of debris 
are found, the scene perimeter should be widened. 


18.13.1.2 Obtain Background Information. Before beginning 
any search, all relevant information should be obtained pertain- 
ing to the incident. This should include a description of the inci- 
dent site and systems or operations involved and of conditions 
and events that led to the incident. The locations of any combus- 
tibles and oxidants that were present and what abnormal or haz- 
ardous conditions existed that might account for the incident 
need to be determined. Any pertinent information regarding 
suspected explosive materials and causes will of course be of 
interest and will aid in the search as well. 
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In developing the evidence, the investigator should exam- 
ine witness accounts, maintenance records, operational logs, 
manuals, weather reports, previous incident reports, and 
other relevant records. Recent changes in equipment, proce- 
dures, and operating conditions can be especially significant. 

Obtaining drawings of the building or process will greatly 
improve documentation of the scene, especially if notes can 
be made on them. 


18.13.1.3 Establish a Scene Search Pattern. The investigator 
should establish a scene search pattern. With the assistance of 
investigation team members, the scene should be searched from 
the outer perimeter inward toward the area of greatest damage. 
The final determination of the location of the explosion’s epicen- 
ter should be made only after all of the scene has been examined. 

The search pattern itself may be spiral, circular, or grid 
shaped. Often the particular circumstances of the scene will 
dictate the nature of the pattern. In any case, the assigned 
areas of the search pattern should overlap so that no evidence 
will be lost at the edge of any search area. It is often useful to 
search areas more than once. When this is done, a different 
searcher should be used to help ensure that evidence is not 
overlooked. 

The number of actual searchers will depend on the physi- 
cal size and complexity of the scene. The investigator in 
charge should keep in mind, however, that too many searchers 
can often be as counterproductive as too few. Searchers 
should be briefed as to the proper procedures for identifying, 
logging, photographing, and marking and mapping the loca- 
tion of evidence. Consistent procedures are imperative when- 
ever there are several searchers involved. 

The location of evidence may be marked with chalk marks, 
spray paint, flags, stakes, or other marking means. After pho- 
tographing, the evidence may be tagged, moved, and secured. 
(See Chapters 13 and 14.) 


18.13.1.4 Safety at the Explosion Scene. All of the fire inves- 
tigation safety recommendations listed in Chapter 10 also 
apply for the investigation of explosions. In addition, there are 
some special safety considerations at an explosion scene. 

Structures that have suffered explosions are often more 
structurally damaged than merely burned buildings. The pos- 
sibility of floor, wall, ceiling, roof, or entire building collapse 
is much greater and should always be considered. 

In the case of fuel gas or dust explosions, secondary explo- 
sions are the rule rather than the exception. Early responders 
need to remain alert to that possibility. Leaking gas or pools of 
flammable liquids need to be made safe before the investiga- 
tion is begun. Toxic materials in the air or on material surfaces 
need to be neutralized. The use of appropriate personal safety 
equipment is recommended. 

Explosion scenes that involve bombings or explosives have 
added dangers. Investigators should be on the lookout for 
additional devices and undetonated explosives. The modus 
operandi (M.O.) of some bomber/arsonists includes using 
secondary explosive devices specifically targeted for the law 
enforcement or fire service personnel who will be responding 
to the bombing incident. 

A thorough search of the scene should be conducted for 
any secondary devices prior to the initiation of the postblast 
investigation. If undetonated explosive devices or explosives 
are found, it is imperative that they not be moved or touched. 
The area should be evacuated and isolated, and explosives dis- 
posal authorities summoned. 


EXPLOSIONS 921-141 
Table 18.13.2 Typical Explosion Characteristics 
Lighter-than- Heavier-than- Liquid 
Typical Characteristics Air Gases Air Gases Vapors Dusts Explosives Backdrafts BLEVEs 
Low-order damage 3 4 4 2 2 5 2 
High-order damage 2 1 1 2 3 0 2 
Secondary explosion 3 3 2 4 0 1 0 
Gas/vapor/dust 3 2 2 2 0 0 0 
pocketing 
Deflagration® 4 4 4 4 1 5 4b 
Detonation 1 1 1 1 4 0 1b 
Underground migration 2 2 2 0 0 0 0 
BLEVEs 2 3 5 0 0 0 5 
Postexplosion fires 3 3 4 3 1 5 3 
Pre-explosion fires 2 2 2 3 2 5 4 
Seated explosions 0° 0° 0° 0 4d 0 2 
Minimum ignition energy 0.17-0.25 0.17-0.25 0.25 10-40 © f 


(mJ)* 


Note: 0 = never, 1 = seldom, 2 = sometimes, 3 = often, 4 = nearly always, 5 = always. 


aDeflagrations may transition into detonations under certain conditions. 


>The strength of the confining vessel may allow the pressure wave at failure to be supersonic. 
“Gases and vapors may produce seats if confined in small vessels, and if the materials on which they explode can be sufficiently compressed or shat- 


tered. 


4A]] high explosives and some low explosives will produce seated explosions if the materials on which they explode can be sufficiently compressed 


or shattered. 


‘Ignition energies vary widely. Most modern high explosives are designed to be insensitive to ignition. Energies for detonations are nine orders of 


magnitude larger than the minimum ignition energies. 
‘BLEVEs are not combustion explosions and do not require ignitions. 


18.13.2 Initial Scene Assessment. Once the explosion scene 
has been established, the investigator should make an initial 
assessment of the type of incident with which he or she is deal- 
ing. If at any time during the investigation the investigator 
determines that the explosion was fueled by explosives or 
involved an improvised explosive device (IED), he or she 
should discontinue the scene investigation, secure the scene, 
and contact the appropriate law enforcement agency. 

Table 18.13.2 provides the investigator with a basic general 
guide for comparing the characteristics of explosion damage 
and fuels. It can aid in including or eliminating some kinds of 
explosions or fuels from the initial investigative assessment. 
For example, if the evidence indicates that high-order damage 
occurred, it can be assumed that the explosion was not the 
result of a backdraft. 


18.13.2.1 Identify Explosion or Fire. The first task in the ini- 
tial assessment is to determine whether the incident was a fire, 
explosion, or both, and which came first. Often the evidence 
of an explosion is not obvious, for example, where a weak 
explosion of fuel gases is involved. 

The investigator should look for signs of an overpressure 
condition existing within the structure, including displace- 
ment or bulging of walls, floors, ceilings, doors and windows, 
roofs, other structural members, nails, screws, utility service 
lines, panels, and boxes. Localized fragmentation and pres- 


sure damage should be noted as attributable to condensed 
phase explosive fuel reaction. 

The investigator should look for and assess the nature and 
extent of heat damage to the structure and its components 
and decide whether it can be attributed to fire alone. 


18.13.2.2 High- or Low-Order Damage. The investigator should 
attempt to determine whether the nature of damage indicates 
high-order or low-order damage. (See Section 18.3.) This will help 
classify the type, quantity, and mixture of the fuel involved. 


18.13.2.3 Seated or Nonseated Explosion. The investigator 
should determine whether the explosion was seated or non- 
seated. This will help classify the type of possible fuel involved. 
(See Section 18.6.) 


18.13.2.4 Identify Type of Explosion. The investigator should 
identify the type of explosion involved (e.g., mechanical, com- 
bustion, other chemical reaction, or BLEVE). 


18.13.2.5 Identify Potential General Fuel Type. The investi- 
gator should identify which types of fuel were potentially avail- 
able at the explosion scene by identifying the condition and 
location of utility services, especially fuel gases and sources of 
ignitable dusts or liquids. 
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The investigator should analyze the nature of damage in 
comparison to the typical damage patterns available from the 
following: 


(1) Lighter-than-air gases 
(2) Heavier-than-air gases 
(3) Liquid vapors 

(4) Dusts 

(5) Explosives 

(6) Backdrafts 

(7) BLEVEs 


18.13.2.6 Establish the Origin. The investigator should attempt 
early on to establish the origin of the explosion. The origin will 
usually be identified as the area of most damage and will some- 
times include a crater or other localized area of severe damage 
in the case of a seated explosion. In the case of a diffuse fuel-air 
explosion, the origin will be the confining volume or room of 
origin. (See 4.19.2.) 


18.13.2.7 Establish the Fuel Source and Explosion Type. The 
investigator should identify which types of fuel were available 
at the explosion scene by identifying the condition and loca- 
tion of utility services, especially fuel gases, processing by- 
product dusts, or ignitable liquids. 

The investigator should analyze the nature of damage in 
comparison to the typical damage patterns attributable to the 
following: 


(1) Lighter-than-air gases 
(2) Heavier-than-air gases 
(3) Liquid vapors 

(4) Dusts 

(5) Explosives 

(6) Backdrafts 

(7) BLEVEs 


Thus, the type of explosion is established. 


18.13.2.8 Establish Ignition Source. The investigator should 
attempt to identify the ignition source involved. At times, this 
can be very difficult. Examination should be made for poten- 
tial sources — such as hot surfaces, electrical arcing, static 
electricity, open flames, sparks, chemicals, and so forth — 
where fuel-air mixtures are involved. 

Where explosives are involved, the initiation source may be 
a blasting cap or other pyrotechnic device. Wires and device 
components will sometimes survive. 


18.13.3 Detailed Scene Assessment. Armed with general infor- 
mation from the initial scene assessment, the investigator may 
now begin a more detailed study of the blast damage and debris. 
As in any fire incident investigation, the investigator should 
record his or her investigation and findings by accurate note 
taking, photography, diagramming, and mapping. It is impor- 
tant to use proper collection and preservation techniques. (See 
Chapters 13 and 14.) 


18.13.3.1 Identify Damage Effects of Explosion. The investi- 
gator should make a detailed examination and analysis of the 
specific explosion or overpressure damage. Damaged articles 
should be identified as having been affected by one or more 
of the following typical explosion forces: 


(1) Blast pressure wave — positive phase 
(2) Blast pressure wave — negative phase 
(3) Shrapnel impact 

(4) Thermal energy 

(5) Seismic energy 
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The investigator should examine and classify the type of 
damage present — whether it was shattered, bent, broken, or 
flattened — and also look for changes in the pattern. At dis- 
tances away from a detonation explosion epicenter, the pres- 
sure rise will be fairly moderate and the effects will resemble 
those of a deflagration explosion, while materials in the imme- 
diate vicinity of the detonation epicenter will exhibit splinter- 
ing and shattering. 

The investigator should make a detailed examination and 
analysis of the specific explosion or overpressure damage. Dam- 
aged articles should be identified as having been affected by one 
or more of the damaging effects of explosions: blast pressure 
fronts, shrapnel impact, thermal effects, and seismic effects. 


The investigator should examine and classify the type of 
damage to each significant item present — whether it was shat- 
tered, bent, broken, or flattened — and also look for changes 
in the pattern. At distances away from a detonation explosion 
center, the pressure rise will be fairly moderate and the effects 
will resemble those of a deflagration explosion. Items in the 
immediate vicinity of the detonation center will exhibit splin- 
tering and shattering (i.e., brittle failure). 


The scene should be examined carefully and fragments of 
any foreign material should be recovered, as well as debris from 
the seat itself. The fragments may require forensic laboratory 
analysis for their identification, but whether they are fragments 
of the original vessel or container or portions of an improvised 
explosive device, they may be critical to the investigation. 


Tables 18.13.3.1(a) and 18.13.3.1(b) can be used as simpli- 
fied guides to estimate the peak blast overpressure from the 
observed building damage and casualty data. These data are 
from peak overpressure applied to the structure’s exterior. The 
effects of overpressure on the inside of the structure are consid- 
ered to be similar, but the overpressure values may be different 
in some cases, depending on the construction involved. 


It is noted that the estimation of structural damage from an 
explosion is a very complex topic. A thorough treatment 
involves maximum pressure and impulse of the explosion, as 
well as the natural period and strength characteristics of the 
confining structure. Generally, one can expect a peak over- 
pressure of | psi to 2 psi (6.9 kPa to 13.8 kPa) to cause the fail- 
ure of most light structural assemblies, such as nonreinforced 
wood siding, corrugated steel panels, or masonry block walls. 
In comparison, much higher overpressures can be tolerated 
when the structural design is reinforced, particularly with 
materials of good ductility (e.g., steel). 


18.13.3.2 Identify Preblast and Postblast Fire Damage. Fire 
or heat damage should be identified as having been caused by 
a pre-existing fire or by the thermal effect of the explosion. 
Debris that has been propelled away from the point of origin 
should be examined to determine whether it has been 
burned. Debris of this nature that is burned may be an indica- 
tor that a fire preceded the explosion. 


Probably the most common sign of an overpressure condi- 
tion is window glass thrown some distance from the windows 
of the structure. The residue of smoke or soot on fragments of 
window glass or other structural debris reveals that the explo- 
sion followed a fire by some time, whereas perfectly clean 
pieces of glass or debris thrown large distances from the struc- 
ture indicate an explosion preceding the fire. 

The direction of flow of melted and resolidified debris may 


tell the investigator the position or attitude of the debris at the 
time of heat exposure. 
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Table 18.13.3.1(a) Human Injury Criteria (includes injury from flying glass and direct overpressure effects) 


Overpressure 
(psi) Injury Comments Source 
0.6 Threshold for injury from flying glass” Based on studies using sheep and dogs a 
1.0-2.0 Threshold for skin laceration from flying glass Based on U.S. Army data b 
1.5 Threshold for multiple skin penetrations from Based on studies using sheep and dogs a 
flying glass (bare skin)* 
2.0-3.0 Threshold for serious wounds from flying glass Based on U.S. Army data b 
2.4 Threshold for eardrum rupture Conflicting data on eardrum rupture b 
2.8 10% probability of eardrum rupture Conflicting data on eardrum rupture b 
3.0 Overpressure will hurl a person to the ground One source suggested an overpressure of 1.0 psi for c 
this effect 
3.4 1% eardrum rupture Not a serious lesion d 
4.0-5.0 Serious wounds from flying glass near 50% Based on U.S. Army data b 
probability 
5.8 Threshold for body-wall penetration from flying _ Based on studies using sheep and dogs a 
glass (bare skin)“ 
6.3 50% probability of eardrum rupture Conflicting data on eardrum rupture b 
7.0-8.0 Serious wounds from flying glass near 100% Based on U.S. Army data b 
probability 
10.0 Threshold lung hemorrhage Not a serious lesion [applies to a blast of long d 
duration (over 50 m/s) ]; 20-30 psi required for 
3 m/s duration waves 
14.5 Fatality threshold for direct blast effects Fatality primarily from lung hemorrhage b 
16.0 50% eardrum rupture Some of the ear injuries would be severe d 
17.5 10% probability of fatality from direct blast Conflicting data on mortality b 
effects 
20.5 50% probability of fatality from direct blast Conflicting data on mortality b 
effects 
25.5 90% probability of fatality from direct blast Conflicting data on mortality b 
effects 
27.0 1% mortality A high incidence of severe lung injuries [applies to d 
a blast of long duration (over 50 m/s) ]; 60-70 psi 
required for 3 m/s duration waves 
29.0 99% probability of fatality from direct blast effects Conflicting data on mortality b 


Note: For SI units, | psi = 6.9 kPa. 

“Interpretation of tables of data presented in reference. 
4Fletcher, Richmond, and Yelverron, 1980. 

bLoss Prevention in the Process Industries. 

“Brasie and Simpson, 1968. 

4U.S. Department of Transportation, 1988. 
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Table 18.13.3.1(b) Property Damage Criteria 


Overpressure 
(psi) Damage Source 
0.03 Occasional breaking of large glass windows already under a 
strain 
0.04 Loud noise (143 dB). Sonic boom glass failure a 
0.10 Breakage of small windows, under strain a 
0.15 Typical pressure for glass failure a 
0.30 “Safe distance” (probability 0.95 no serious damage a 
beyond this value) 
Missile limit 
Some damage to house ceilings 
10% window glass broken 
0.4 Minor structural damage a,c 
0.5-1.0 Shattering of glass windows, occasional damage to win- a,c, d,e 
dow frames. One source reported glass failure at 0.147 psi 
(1 kPa) 
0.7 Minor damage to house structures a 
1.0 Partial demolition of houses, made uninhabitable a 
1.0-2.0 Shattering of corrugated asbestos siding a, b, d,e 
Failure of corrugated aluminum-steel paneling 
Failure of wood siding panels (standard housing con- 
struction) 
1.3 Steel frame of clad building slightly distorted a 
2.0 Partial collapse of walls and roofs of houses a 
2.0-3.0 Shattering of nonreinforced concrete or cinder block a,b,c, d 
wall panels [1.5 psi (10.3 kPa) according to another 
source | 
2.3 Lower limit of serious structural damage a 
2.5 50% destruction of brickwork of house a 
3.0 Steel frame building distorted and pulled away from a 
foundations 
3.0-4.10 Collapse of self-framing steel panel buildings a, b,c 
Rupture of oil storage tanks 
Snapping failure — wooden utility tanks 
4.0 Cladding of light industrial buildings ruptured a 
4.8 Failure of reinforced concrete structures e 
5.0 Snapping failure — wooden utility poles a,b 
5.0-7.0 Nearly complete destruction of houses a 
7.0 Loaded train wagons overturned a 
7.0-8.0 Shearing/flexure failure of brick wall panels [8 in. a,b,c, d 


to 12 in. (20.3 cm to 30.5 cm) thick, not reinforced] 


Sides of steel frame buildings blown in d 
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Table 18.13.3.1(b) Property Damage Criteria (Continued) 


Overpressure 
(psi) Damage Source 
Overturning of loaded rail cars b,c 
9.0 Loaded train boxcars completely demolished a 
10.0 Probable total destruction of buildings a 
30.0 Steel towers blown down b,c 
88.0 Crater damage e 


4Loss Prevention in the Process Industries. 
bBrasie and Simpson, 1968. 

‘U.S. Department of Transportation, 1988. 
AUS. Air Force, 1983. 

©McRae, 1984. 


18.13.3.3 Locate and Identify Articles of Evidence. Investigators 
should locate, identify, note, log, photograph, and map any of 
the many and varied articles of physical evidence. Because of the 
propelling nature of explosions, the investigator should keep in 
mind that significant pieces of evidence may be found in a wide 
variety of locations, such as outside the exploded structure, 
embedded in the walls or other structural members of the 
exploded structure, on or in nearby vegetation, inside adjacent 
structures or vehicles, or embedded in these adjacent structures. 
In the case of bombing incidents or incidents involving the 
explosion of tanks, appliances, or equipment, significant pieces 
of evidence debris may have pierced the bodies of victims or be 
contained in their clothing. 

The clothing of anyone injured in an explosion should be 
obtained for examination and possible analysis. The investiga- 
tor should ensure that photographs are taken of the injuries 
and that any material removed from the victims during medi- 
cal treatment or surgery is preserved. This is true whether the 
person survives or not. 

Investigators should note the condition and position of any 
damaged and displaced structural components, such as walls, 
ceilings, floors, roofs, foundations, support columns, doors, 
windows, sidewalks, driveways, and patios. 

Investigators should note the condition and position of any 
damaged and displaced building contents, such as furnish- 
ings, appliances, heating or cooking equipment, manufactur- 
ing equipment, victims’ clothing, and personal effects. 

Investigators should note the condition and position of any 
damaged and displaced utility equipment, such as fuel gas 
meters and regulators, fuel gas piping and tanks, electrical 
boxes/meters, electrical conduits and conductors, heating oil 
tanks, parts of explosive devices, or fuel vessels. 


18.13.3.4 Identify Force Vectors. Investigators should iden- 
tify, diagram, photograph, and note those pieces of debris that 
indicate the direction and relative force of the explosion. 
Keep in mind that the force necessary to shatter a wall is more 
than that necessary to merely dislodge or displace it. The force 
necessary to shatter a window is less than that to displace a 
wall, but more than that necessary to blow out a window intact. 
The greater the force, the farther is the distance that similar 
pieces of debris will be thrown from the epicenter. 

The investigator should log, diagram, and photograph 
varying missile distances and directions of travel for similar 
debris, such as window glass. Larger, more massive missiles 


should be measured and weighed for comparison of the forces 
necessary to propel them. 

The distance as well as the direction of significant pieces of evi- 
dence from the apparent epicenter of the explosion may be crit- 
ical. The location of all significant pieces should be completely 
documented on the explosion scene diagram, along with notes as 
to both distance and direction. This procedure allows the investi- 
gator to reconstruct the trajectories of various components. 


18.14 Analyze Origin (Epicenter). After identifying the force 
vectors, the investigator should trace backward from the least to 
the most damaged areas, following the general path of the explo- 
sion force vectors. This is known as an explosion dynamics analysis. It 
can be accomplished most efficiently by plotting on a diagram of 
the exploded structure the various directions of debris movement 
and, if possible, an estimate of the relative force necessary for the 
damage or movement of each significant piece of debris. (See Fig- 
uve 18.14.) A dimensional diagram is desirable in cases where an 
engineering analysis of the damage effects is anticipated. 

The analysis of the explosion dynamics is based on the 
debris movement away from the epicenter of the explosion in 
a roughly spherical pattern and on the decreasing force of the 
explosion as the distance from the epicenter increases. 

Often, more than one explosion dynamics diagram is nec- 
essary. The first might show a relatively large area that may 
indicate a specific area or room for further study as the origin. 
A second, smaller-scale diagram might then be constructed to 
analyze the explosion dynamics of the area of origin itself. 
This is especially useful when dealing with a seated explosion. 

Often, especially when dealing with nonseated explosions, 
such as fugitive fuel gas explosions, the investigator may be 
unable to pinpoint the epicenter any more precisely than to a 
specific room or area. 

The explosion dynamics analysis is often complicated by 
evidence of a series of explosions, each with its own epicenter. 
This situation calls for a detailed comparison of the force vec- 
tors. Movement of more solid debris, such as walls, floors, and 
roofs, is generally less in subsequent explosions than in the 
first. The first forceful explosion tends to vent the structure, 
allowing more of the positive pressure phase of subsequent 
explosions to be released. 

This finding is true, however, only when the secondary explo- 
sions are of the same or lesser force than the first. Dust explosions 
are a notable exception to this phenomenon, with subsequent 
explosions almost always being more powerful than the first. 
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FIGURE 18.14 Explosion dynamics diagram. Arrows indi- 
cate direction of displacement of walls, doors, and windows. 
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18.15 Analyze Fuel Source. Once the origin or epicenter of 
the explosion has been identified, the investigator should 
determine the fuel. This is done by a comparison of the nature 
and type of damage to the known available fuels at the scene. 


All available fuel sources should be considered and elimi- 
nated until one fuel can be identified as meeting all of the 
physical damage criteria. For example, if the epicenter of the 
explosion is identified as a 6 ft (1.8 m) crater of pulverized 
concrete in the center of the floor, fugitive natural gas can be 
eliminated as the fuel, and only fuels that can create seated 
explosions should be considered. 


Chemical analysis of debris, soot, soil, or air samples can be 
helpful in identifying the fuel. With explosives or liquid fuels, gas 
chromatography, mass spectrography, or other chemical tests of 
properly collected samples may be able to identify their presence. 

Air samples taken in the vicinity of the area of origin can be 
used in identifying gases or the vapors of liquid fuels. For 
example, commercial “natural gas” is a mixture of methane, 
ethane, propane, nitrogen, and butane. The presence of 
ethane in an air sample may show that commercial “natural 
gas” was there rather than naturally occurring “swamp, marsh, 
or sewer” gas, which is all methane. 


Once a fuel is identified, the investigator should determine 
its source. For example, if the fuel is identified as a lighter- 
than-air gas and the structure is serviced by natural gas, the 
investigator should locate the source of gas that will most likely 
be at or below the epicenter, possibly from a leaking service 
line or malfunctioning gas appliance. 
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All gas piping, including from the street mains or LP-Gas 
storage tanks, up to and through the service regulator and 
meter, to and including all appliances, should be examined 
and leak tested if possible. (See NFPA 54, National Fuel Gas Code, 
Appendix D, or the National Fuel Gas Code Handbook.) Leak test- 
ing inside a building that has had a fire or gas explosion 
should be performed using air or an inert gas. 

Odorant verification should be part of any explosion inves- 
tigation involving, or potentially involving, flammable gas, 
especially if there are indications that there were no indica- 
tions of a leaking gas detected by people present. Its presence 
should be verified. Stain tubes can be used in the field, and gas 
chromatography can be used as a lab test for accurate results. 


18.16 Analyze Ignition Source. When the origin and fuel are 
identified, the means of ignition should be analyzed. This is 
often the most difficult part of the overall explosion investiga- 
tion because, especially with fugitive fuel gases, multiple igni- 
tion sources are present. In the event of multiple possible 
ignition sources, the investigator should take into consider- 
ation all the available information, including witness state- 
ments. A careful evaluation of every possible ignition source 
should be made. Factors to consider include the following: 


(1) Minimum ignition energy of the fuel 

(2) Ignition energy of the potential ignition source 

(3) Ignition temperature of the fuel 

(4) Temperature of the ignition source 

(5) Location of the ignition source in relation to the fuel 

(6) Simultaneous presence of the fuel and ignition source at 
the time of ignition 

(7) Witness accounts of conditions and actions immediately 
prior to and at the time of the explosion 


18.17 Analyze to Establish Cause. Having identified the ori- 
gin, fuel, and ignition source, the investigator should now ana- 
lyze and determine what brought together the fuel and ignition 
at the origin. The circumstances that brought these elements 
together at that time and place are the cause. (See Chapter 16.) 

Part of this analysis may include considerations of how the 
explosion could have been prevented, such as failure to con- 
form to existing codes or standards. It should be noted that, 
due to the destructive effects of fire and explosions, the cause 
cannot always be determined. 

Many techniques are suggested in 18.17.1 through 18.17.5 
to aid in establishing causation. The choice of the technique (s) 
used will depend on the unique circumstances of the incident. 


18.17.1 Time Line Analysis. Based on the background infor- 
mation gathered (e.g., statements and logs), a sequence of 
events should be tabulated for the time both prior to the 
explosion and during the explosion. Consistencies and incon- 
sistencies with causation theories can then be surmised and a 
“best fit” theory established. (See Section 17.2 for more information 
on time line analysis.) 


18.17.2 Damage Pattern Analysis. Various types of damage 
patterns can be documented for further analysis, principally 
debris and structural damage. 


18.17.2.1 Debris Analysis. Investigators should identify, dia- 
gram, photograph, and note those pieces of debris that indicate 
the direction and relative force of the explosion. In general, the 
greater the explosive energy, the farther similar pieces of debris 
will be thrown from the center of the explosion. However, dif 
ferent drag/lift (i.e, aerodynamic) characteristics of various 
fragment shapes will tend to favor some going farther. 
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The distance as well as the direction of significant pieces of 
evidence from the apparent center of the explosion may be 
critical. The location of all significant pieces should be com- 
pletely documented on the explosion scene diagram, along 
with notes as to both distance and direction. This procedure 
allows the investigator to reconstruct the trajectories of various 
components. In some cases, it is desirable to weigh and make 
geometric measurements of significant missiles, especially 
large ones. This can then be used in a more complete engi- 
neering analysis of trajectories. 


18.17.2.2 Relative Structural Damage Analysis. Investigators 
should diagram the relative damage to the areas surrounding the 
explosion site. Such a diagram can be called an iso-damage contour 
map. Criteria for contours may be simple overpressure levels in 
some cases, or the relative damage ratings for structures. Several 
techniques are employed for this purpose. Such an analysis will 
give additional clues to explosion propagation and can be used 
for further input to a more complete engineering analysis. 


18.17.3* Correlation of Blast Yield with Damage Incurred. There 
are several methods that analysts use to correlate the degree of 
damage and projectile distance with the type and amount of fuel 
involved. Due to the great differences in chemical dynamics 
between solid explosives and gas/vapor deflagrations, it is not 
possible to directly correlate the amount of fuel involved in one 
to the weight of explosive used in the other. Weight equivalencies 
for common condensed-phase explosives can be found in the lit- 
erature. (See Appendix A.) 


18.17.4 Analysis of Damaged Items and Structures. Frequently, 
the determination of the cause in explosion incidents requires a 
multidisciplinary approach to relate damage to the fuels involved. 
The use of special experts may be necessary. (See Section 12.5.) 


18.17.5 Correlation of Thermal Effects. A collection of arti- 
cles exhibiting heat damage from an explosive event may be 
evidence of a fireball or fire during the sequence of events. 
These articles may be further proof that the explosion 
involved a BLEVE, a fuel jet fire, or other phenomenon, 
depending on the character of those articles. Specialized anal- 
ysis of thermal damage effects can be conducted by a person 
trained in this area. From this material, an isothermal diagram 
(i.e., heat damage map) can be developed. 


Chapter 19 Incendiary Fires 


19.1 Introduction. An incendiary fire is a fire that has been 
deliberately ignited under circumstances in which the person 
knows the fire should not be ignited. This section provides 
guidance to assist the investigator in identifying incendiary 
fires and documenting evidence regarding their origin and 
cause. In the event the investigator concludes that a fire was 
incendiary, other evidentiary factors are addressed regarding 
suspect development and identification. 

The existence of a single indicator or a combination of 
indicators is not necessarily conclusive proof that a fire is of 
incendiary cause. However, the presence of indicators may 
suggest that the fire deserves further investigation. 


19.2 Incendiary Fire Indicators. There are a number of con- 
ditions related to fire origin and spread that may provide phys- 
ical evidence of an incendiary fire cause. 


19.2.1 Multiple Fires. Multiple fires are two or more sepa- 
rate, nonrelated, simultaneously burning fires. The investiga- 
tor should search to uncover any additional fire sets or points 


of origin that may exist. In order to conclude that there are 
multiple fires, the investigator should determine that any “sep- 
arate” fire was not the natural outgrowth of the initial fire. 

Fires in different rooms, fires on different stories with no 
connecting fire, or separate fires inside and outside a building 
are examples of multiple fires. A search of the fire building 
and its surrounding areas should be conducted to determine 
whether there are multiple fires. 

Apparent multiple fires can result through spread by the 
following means: 


(1) Conduction, convection, or radiation 

(2) Flying brands 

(3) Direct flame impingement 

(4) Falling flaming materials (i.e., drop down) such as curtains 

(5) Fire spread through shafts, such as pipe chases or air-con- 
ditioning ducts 

(6) Fire spread within wall or floor cavities within “balloon 
construction” 

(7) Overloaded electrical wiring 

(8) Utility system failures 


Apparent multiple points of origin can also result from 
continued burning at remote parts of a building during fire 
suppression and overhaul, particularly when building collapse 
or partial building collapse is involved. 

The earlier a fire is extinguished, the easier it is to identify 
multiple points of origin. Once full room involvement or 
room-to-room extension has occurred, identifying multiple 
fires becomes more difficult and a complete burnout or “black 
hole” may make identification impossible. 

If there has been a previous fire in the building, care 
should be taken not to confuse earlier damage with a multiple 
fire situation. 

Fire scene reconstruction (see Section 15.7), an important 
aspect of the fire scene examination, is especially important 
when multiple fires are suspected. 

A careful examination of the fire scene may reveal addi- 
tional fire sets (which are intended to ignite additional fires), 
particularly in the same type of area. For example, if the inves- 
tigator observes or discovers an area of origin in a closet, an 
examination of other closets for additional fires or fire sets is 
prudent. The investigator may be required to obtain legal 
authority to conduct a search in areas not affected or involved 
in the discovered fire. (See 9.2.2 and 9.2.3.) 

Confirmation of multiple fires is a compelling indication 
that the fire was incendiary. 


19.2.2 Trailers. After incendiary fires, when fuels have been 
intentionally distributed or “trailed” from one area to another, 
elongated patterns may be visible. Such fire patterns, known as 
trailers, can be found along floors to connect separate fire sets, 
or up stairways to move fires from one story or level within a 
structure to another. Fuels used for trailers may be ignitable 
liquids, solids, or combinations of these. (See Figure 4.18.1.) 

Materials such as clothing, paper, straw, and ignitable liq- 
uids are often used. Remnants of solid materials frequently are 
left behind and should be collected and documented. 

Ignitable liquids may leave linear patterns, particularly 
when the fires are extinguished early. Radiant energy from the 
extension of flame or hot gases through corridors or up stair- 
ways can also produce linear patterns. As with suspected solid 
accelerants, samples of possible liquid accelerants should be 
collected and analyzed. (See Section 14.5.) 

Often, when the floor area is cleared of debris to examine 
damage, long, wide, straight patterns will be found showing 
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areas of extensive heat damage, bound on each side by 
undamaged or less damaged areas. These patterns have often 
been interpreted to be trailers. While this conclusion is possi- 
ble, the presence of furniture, stock, counters, or storage may 
result in these linear patterns. These patterns may also result 
from fire impact on worn areas of floors and the floor cover- 
ings. Irregularly shaped objects on the floor, such as clothing 
or bedding, may provide protection to the floor, resulting in 
patterns that may be inaccurately interpreted. 

For example, gasoline itself poured out to assist the fire is an 
accelerant. It is the deliberate use of the gasoline to spread the 
fire from one location to another that causes the stream of gas- 
oline to be a trailer. Trailing gasoline from one room to 
another and up the staircase constitutes laying a trailer. Dous- 
ing a building with gasoline from cellar to rooftop or over a 
widespread area does not constitute laying a trailer; instead, it 
is considered using an accelerant. So it can be seen that the fuel 
does not constitute a trailer, but rather the manner in which 
the fuel or accelerant is used. This distinction is similar to the 
“use” requirement in the definition of an accelerant. The burn- 
ing action has no effect on whether there is a trailer. Gasoline, 
rags, or newspapers can all be used as trailers, but they burn dif- 
ferently. The pattern that is left by a trailer is evidence of the 
trailer; the pattern is not the trailer. If an arsonist lays a trailer 
but is arrested prior to ignition, there is still a trailer. 


19.2.3 Lack of Expected Fuel Load or Ignition Sources. When 
the fire damage at the origin is inconsistent with the expected low 
fire loads, limited rates of heat release, or limited potential-acci- 
dental ignition sources, the fire may be incendiary. An example 
of all three is an isolated burn at floor level in a large, empty 
room. Examples of limited fire load areas include corridors and 
stairways. Stairways, while usually having limited fire loads, may 
promote rapid fire spread by allowing flames or hot gases to 
travel vertically to other areas. This action may cause severe dam- 
age on exposed stairway surfaces. Additional examples of areas 
with limited potential-accidental ignition sources include closets, 
crawl spaces, and attics. 


19.2.4* Exotic Accelerants. Mixtures of fuels and Class 3 or 
Class 4 oxidizers (see NFPA 430, Code for the Storage of Liquid and 
Solid Oxidizers) may produce an exceedingly hot fire and may 
be used to start or accelerate a fire. Thermite mixtures also 
produce exceedingly hot fires. Such accelerants generally 
leave residues that may be visually or chemically identifiable. 

Exotic accelerants have been hypothesized as having been 
used to start or accelerate some rapidly growing fires and were 
referred to in these particular instances as high temperature 
accelerants (HTA). Indicators of exotic accelerants include an 
exceedingly rapid rate of fire growth, brilliant flares (particu- 
larly at the start of the fire), and melted steel or concrete. A 
study of 25 fires suspected of being associated with HTAs dur- 
ing the 1981-1991 period revealed that there was no conclu- 
sive scientific proof of the use of such HTA. 

In any fire where the rate of fire growth is considered 
exceedingly rapid, other reasons for this should be considered 
in addition to the use of an accelerant, exotic or otherwise. 
These reasons include ventilation, fire suppression tactics, and 
the type and configuration of the fuels. 


19.2.5 Unusual Fuel Load or Configuration. If the investiga- 
tion reveals the presence of an unusually large fuel load in the 
area of origin, or a fuel load in the area of origin that either 
would normally not be expected in that area or would not be 
expected to be in the configuration in which it was found, the 
fire may be incendiary. An example of an unusual configura- 
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tion is where furniture, stock, or contents are deliberately 
stacked or piled in a configuration to encourage rapid or com- 
plete fire development. An example of an unusually large fuel 
load is where accumulations of trash, debris, or cardboard car- 
tons are deliberately introduced into a room or space in order 
to encourage greater fire involvement. 


19.2.6 Burn Injuries. The manner and extent of burn injuries 
may provide clues to the origin, cause, or spread of the fire. 
Burn injuries may be sustained while setting an incendiary fire. 
The investigator should ascertain whether the fire victim’s burns 
and the nature and extent of the injuries are consistent with the 
investigative hypothesis regarding fire cause and spread. The 
investigator should check the local hospitals for the identifica- 
tion of any persons admitted or treated for burn injuries. 


19.2.7 Incendiary Devices. Incendiary device is a term used to 
describe a wide range of mechanisms used to initiate an incen- 
diary fire. In some cases, the firesetter may have used more 
than one incendiary device. Frequently, remains of the fuel 
used will be found with the ignition device. If an incendiary 
fire is suspected, the investigator should search for other fire 
sets that may have burned out or failed to operate. 


WARNING 


When an incendiary device is discovered that has not ac- 
tivated, do not move it! Such devices must be handled by 
specially trained explosive ordnance disposal person- 
nel. Touching or moving such devices is extremely dan- 
gerous and can result in an ignition or explosion. 


19.2.7.1 Examples of Incendiary Devices. Examples of some 
incendiary devices, and the evidence that may establish their 
presence or use, are as follows: 


(1) Books of paper matches and cigarettes from which the 
striker from the matchbook, cigarette filters, remaining 
cigarette ash, and the combustible materials ignited by the 
matches or cigarettes may be found in the area of origin 

(2) Candles from which their wax and the remains of any 
combustible material ignited by the candles may be 
found in the area of origin 

(3) Wiring systems or electric heating appliances to initiate a fire 
(which may be evidenced by indications of tampering or 
modification of the wiring system, by the movement or 
arrangement of heat-producing appliances to locations near 
combustible materials, or by evidence of combustible mate- 
rials being placed on or near heat-producing appliances) 

(4) Fire bombs, commonly called Molotov cocktails (which 
leave evidence in the form of the ignitable liquid, chemi- 
cals, or compounds used within them, the broken con- 
tainers, and wicks) 

(5) Paraffin wax-sawdust incendiary device (which can be 
evidenced by remains of wax impregnated with sawdust, 
for example, artificial fire logs) 


19.2.7.2 Delay Devices. Timers or delay devices can be 
employed to allow the firesetter an opportunity to leave the 
scene and to possibly establish an alibi prior to the ignition. 
Common delay devices include candles, cigarettes, and 
mechanical or electrical timers. 


19.2.7.3 Presence of Ignitable Liquids in Area of Origin. The 
use or presence of ignitable liquids is generally referred to as a 
liquid accelerant when used in conjunction with an incendiary fire. 

The presence of ignitable liquids may indicate that a fire 
was incendiary, especially when the ignitable liquids are found 
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in areas in which they are not normally expected. Containers 
of ignitable liquids in an automobile garage may not be 
unusual, but a container of ignitable liquids found in a bed- 
room may be unusual. In either case, the presence of ignitable 
liquids near the area of origin should be fully investigated. 


“Irregular patterns” (see 4.17.7.2) may indicate the pres- 
ence of an ignitable liquid. If the investigator observes pat- 
terns associated with a liquid accelerant, he or she may also 
observe the remains of a container used to hold the liquid. 
The investigator should ensure that samples are taken from 
any area where ignitable liquids are suspected to be present. 


19.2.8 Assessment of Fire Growth and Fire Damage. Investi- 
gators may form an opinion that the speed of fire growth or 
the extent of damage was greater than would be expected for 
the “normal” fuels believed to be present and for the build- 
ing configuration. However these opinions are subjective. 
Fire growth and damage are related to a large number of 
variables, and the assumptions made by the investigator are 
based on that investigator’s individual training and experi- 
ence. If subjective language is used, the investigator should 
be able to explain specifically why the fire was “excessive,” 
“unnatural,” or “abnormal.” 
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What an investigator may consider as “excessive,” “unnatu- 
ral,” or “abnormal” can actually occur in an accidental fire, 
depending on the geometry of the space, the fuel characteris- 
tics, and the ventilation of the compartment (see 3.5.4). Some 
plastic fuels that are difficult to burn in the open may burn vig- 
orously when subjected to thermal radiation from other burn- 
ing materials in the area. This might occur in the conditions 
during or after flashover. 


The investigator is strongly cautioned against using subjec- 
tive opinions to support an incendiary cause determination in 
the absence of physical evidence. 


Mathematical models of fire growth exist that can provide 
assistance, if used properly, in assessing the potential accuracy 
of these subjective observations. 


19.3 Potential Indicators Not Directly Related to Combus- 
tion. These indicators are generally conditions or circum- 
stances that, in and of themselves, are not directly related to the 
fire or explosion cause, but that may be used by the investigator 
to develop ignition hypotheses, to select witnesses for interview- 
ing, to develop suspects, and to develop avenues for further 
investigation. The indicators in this section are those that tend 
to show that somebody had prior knowledge of the fire. 


19.3.1 Remote Locations with View Blocked or Obscured. A 
fire in a secluded location or where the view is hidden from 
observation may indicate a firesetter who did not want to be 
seen or caught. Fires at such locations would also allow the fire 
to develop before it was discovered. Examples include situa- 
tions where windows are painted over or paper covers the win- 
dows for no apparent reason other than to conceal the fire. 


19.3.2 Fires Near Service Equipment and Appliances. A_ fire 
near gas or electrical equipment, appliances, or fireplaces may be 
intended to make the fire appear to be from an accidental cause. 
The investigator should examine the fuel supply or service con- 
nections to determine whether they were loose or disconnected 
and then should determine whether tampering or sabotage of 
the equipment or appliances has occurred. If the investigator 
does not have sufficient knowledge regarding the equipment or 
appliance, it should be examined by qualified personnel. 


19.3.3 Removal or Replacement of Contents Prior to the 
Fire. Through the course of the investigation, the investigator 
may believe that prior to the fire, the contents of a building 
have been removed or replaced with less or more valued items. 


19.3.3.1 Replacement. When the investigator believes the 
contents to have been replaced, as complete an inventory as 
possible of the contents should be made prior to release of the 
building. The inventory of the pre-fire structure should be 
obtained and corroborated through witness statements, 
invoice and inventory receipt, and so forth. The insurance 
proof of loss and underwriting file will provide a list of what 
was claimed to have been present. 

The items and contents that may be replaced depends on 
the occupancy of the building or space. Consider the follow- 
ing examples: 


(1) Residential occupancy — furniture, clothing 

(2) Industrial/commercial occupancy — machinery, equip- 
ment, stock, merchandise 

(3) Vehicles — tires, batteries 


If contents that are abnormal to the occupancy are found, 
this can be another indicator. 


19.3.3.2 Removal. Fire scenes or fire buildings that are 
devoid of the “normal” contents reasonably expected (or iden- 
tified through witness statements, etc.) to be in the structure 
prior to the fire should be investigated and explained. The 
items removed are generally valuable items (such as television 
sets, VCRs, stereo systems, computers, camera equipment, 
stock, or equipment) or items that are difficult to replace 
(including files, business records, etc.). 

Other items that may be removed prior to a fire may be 
those incriminating to a firesetter. 


19.3.3.3. Absence of Personal Items Prior to the Fire. The ab- 
sence of items that are personal, irreplaceable, or difficult 
items to replace should be investigated. Examples include jew- 
elry, photographs, awards, certificates, trophies, art, pets, 
sports and hobby equipment, and so forth. Also, the removal 
of the important documents (e.g., fire insurance policy, busi- 
ness records, tax records) prior to the fire should also be inves- 
tigated and explained. 


19.3.4 Entry Blocked or Obstructed. The entrance to a struc- 
ture or to the property may be blocked or obstructed to ham- 
per fire fighters from extinguishing the fire. Obstructions to 
the property may include fallen trees, street barricades, or 
construction features that deny fire vehicle access, such as 
masonry columns, fences, and gates. 

Obstructions to the structure may include what appear to 
be “security” measures — such as boarded up windows and 
doors, “security grilles,” chains and locks, and so forth — to 
the building. 


19.3.5 Sabotage to the Structure or Fire Protection Sys- 
tems. Sabotage refers to intentional damage or destruction to 
the physical structure of the building, or intentional damage 
to a fire protection system or system components. 

A firesetter is often intent on developing conditions that 
will lead to the rapid and complete destruction of the building 
or its contents. In order to fulfill this goal, the firesetter may 
sabotage the structure (fire-resistive assembly) or the fire pro- 
tection systems. 

Investigators should determine whether the failure of 
structural components or fire protection systems was the re- 
sult of deliberate sabotage or other factors, such as improper 
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construction, lack of maintenance, systems shutdown for 
maintenance, improper design, or equipment or structural 
assembly failure. 


19.3.5.1 Damage to Fire-Resistive Assemblies. Fire-resistive 
design, accomplished through the construction of various fire 
resistance—rated assemblies (e.g., walls, ceilings, and floors) 
and the proper protection of openings (e.g., fire doors, win- 
dows and shutters, and fire dampers) is intended to separate 
portions of a structure into “compartments” or “fire areas” 
that confine a fire within the “compartment” in which the fire 
originated, preventing smoke and fire movement to other por- 
tions of the building. 

Penetrations in fire-resistant assemblies may be an indica- 
tion that the firesetter attempted to spread the fire from one 
area to another. The investigator should try to determine 
whether the penetrations occurred with the intent of spread- 
ing the fire. Penetrations of fire resistance-rated construction 
may be the result of poor initial construction, renovations, ser- 
vice wiring, or cables, or may be the result of fire-fighting activ- 
ities, such as ventilation or overhaul. 

Open doors are the most common method of fire travel 
through a structure. Sabotage to fire or smoke doors (e.g., 
wedging doors open) or fire shutters can increase fire and 
smoke spread throughout the structure. Sabotage to stairway 
doors can further increase rapid smoke and fire spread. How- 
ever, frequently these doors are held or propped open by 
building occupants to improve ventilation or access during 
regular building operations. The investigator should deter- 
mine whether the doors and other opening protection were 
intentionally opened by the firesetter or were open as a nor- 
mal operational use of the building. 


19.3.5.2 Damage to Fire Protection Systems. Fire protection 
systems include heat, smoke, or flame detection; alarm and 
signaling systems; sprinkler and standpipe systems; special 
extinguishing systems, such as those using carbon dioxide, 
foam, or halon; and private water mains and fire hydrants. 

Sabotage to fire protection systems or components can 
delay notification to occupants and the fire department and 
can prevent the control or extinguishment of the fire. Such 
sabotage is intended to allow the fire to develop fully and to 
create greater destruction. 

Sabotage can include removing or covering smoke detec- 
tors; obstructing sprinkler heads; shutting off control valves; 
damaging threads on standpipes, hose connections, or fire 
hydrants; and obstructing or placing debris in fire department 
Siamese connections or fire hydrants. 

Another type of sabotage, although more subtle, is igniting 
multiple fires (see 19.2.1). In addition to increased destruction 
from additional fires, multiple fires can have the effect of over- 
taxing the fire suppression system beyond its design capabili- 
ties. Assistance may be needed to determine the design 
limitations on the fire protection system. (See Section 12.5.) 


19.3.6 Open Windows and Exterior Doors. Open windows and 
exterior doors can speed the growth and spread of a fire. When 
these conditions exist during cold weather or in violation of nor- 
mal building security, it may be an indicator that someone 
attempted to provide extra ventilation for the fire. Windows may 
have been broken out for the same purpose. 


19.4 Other Evidentiary Factors. Once the investigator has 
completed the fire scene examination and has concluded that 
the fire was incendiary, there are other evidentiary factors that 
should be recorded and examined, which may be critical 
regarding future suspect development and identification. 
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These evidentiary factors regarding the identification of a 
suspected firesetter, or the “motive” or opportunity for the 
fire, cannot be substituted for a properly conducted investiga- 
tion and determination of the fire’s origin and cause. 


In the absence of physical evidence of an incendiary fire, 
the investigator is strongly cautioned against using the discov- 
ery or presence of these other evidentiary factors in develop- 
ing an hypothesis, forming opinions, or drawing conclusions 
concerning the cause of the fire. 


19.4.1 Analysis of Confirmed Incendiary Fires. It is through 
the analysis of confirmed incendiary fires that trends or pat- 
terns in repetitive firesetting behaviors may be detected. The 
key to this analysis is whether the firesetting is repetitive or 
not. This analysis may assist the investigator in the develop- 
ment and identification of possible suspects. Repetitive fireset- 
ting, sometimes called serial fire setting or serial arson, refers to 
a series of two or more (incendiary) fires, where the ignition 
is attributed to the individual or a group acting together. 
There are three principal trends that may be identified 
through analysis; these are geographic area or “clusters,” tem- 
poral frequency, and materials and methods. 


19.4.1.1* Geographic Area, Clusters. Repetitive firesetting 
activities tend to group within the same geographic location 
(i.e., same neighborhood), or cluster. Locating incendiary 
fires by utilizing computer-assisted pattern recognition sys- 
tems such as the Arson Information Management System 
(AIMS) or by looking at a map of the local area can assist the 
investigator in identifying clusters. 


19.4.1.2 Temporal Frequency. Incendiary fires set by the 
same individual often occur during the same time period of 
the day or on the same day of the week. This may have several 
reasons, including the level of activity in the area, the fireset- 
ter’s assessment of his or her chances of success, or the fireset- 
ter’s routine. For example, the firesetter may pass the location 
(e.g., to or from work or to or from a bar) during a certain 
period of the day or on a certain day of the week. 


19.4.1.3 Materials and Method. The method and material 
used in the ignition of incendiary fires vary according to the 
firesetter. Generally, however, once a firesetter begins repeti- 
tive firesetting behavior, the materials and method tend to 
remain similar, as do the locations of the incendiary fires. 


19.4.2 Evidence of Other Crimes, Crime Concealment. An 
incendiary fire may be an attempt to conceal other crimes, 
such as homicides and burglaries. In other cases, a staged bur- 
glary may occur to disguise an incendiary fire. The issue of 
which occurred first, the other crime or the fire, is more 
related to the motive for the fire and has little to do with the 
cause of the fire. 


Though possible motives are not determinative in investi- 
gating a fire’s cause (i.e., if the motive was to burglarize the 
structure and to conceal the burglary with a fire, or if the 
motive was to set a fire but make it appear as a burglary), 
motives may lead the investigator to approach the investigation 
(and the search for evidence) and possible suspects differently. 


19.4.3 Indications of Financial Stress. The investigation may 
reveal indicators of financial stress. These indicators may 
include the following: liens, attachments, unpaid taxes, mort- 
gage payments in arrears, real estate for sale (inability to sell, 
property is nonmarketable, etc.), poor business location, or 
new competition. 
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Financial stress may also be indicated by factors associated 
with the use or type of occupancy of the building. For business 
occupancies, indicators may include periods of economic 
decline, particularly within that industry; changes within an 
industry, in either product or equipment; obsolescence of 
equipment; and new competition within the industry. Other 
indicators can include factors such as the need to relocate or 
new competition in the same geographic region or area. 

Examples of financial stress for residential properties can 
include landlords who cannot collect rent or who cannot rent 
out vacant units, rent control, the owner’s need to relocate, 
and mass loss of jobs within the region resulting from indus- 
trial cutbacks or closings. 


19.4.4 Existing or History of Code Violations. Closely related 
to, and possibly another indication of financial stress, is the 
existence of or a history of building, fire safety, housing, or 
maintenance code violations. This may indicate either the 
financial inability to maintain the building or the intentional 
choice to let the building deteriorate (refusal to reinvest in the 
structure). 

Where the deterioration of a building is intentional, other 
indicators related to financial stress, such as overinsurance or 
the inability to sell the property, may be discovered during the 
investigation. 


19.4.5 Owner with Fires at Other Properties. If a structure is 
owned by persons who have had incendiary fires at other prop- 
erties, especially if they have collected insurance as a result of 
those fires, there is a possibility they will experience another 
incendiary fire. 


19.4.6 Overinsurance. Another indicator closely related to 
financial stress is overinsurance. Overinsurance is a condition 
whereby the insurance coverage is greater than the value of 
the property in a valued policy state or whereby there are mul- 
tiple insurance policies on the property. 


19.4.7 Timed Opportunity. Timed opportunity refers to the 
indicators that a firesetter has timed the fire to coincide with 
conditions or circumstances that assist the chances of success- 
ful destruction of the target (property) or to utilize those con- 
ditions or circumstances to increase the chances of not being 
apprehended. 


19.4.7.1 Fires During Severe Natural Conditions. Fires dur- 
ing periods of extreme natural conditions such as floods, 
snowstorms, hurricanes, or earthquakes may delay fire depart- 
ment response or hinder fire-fighting capabilities. 

Other natural conditions to note are electrical storms, peri- 
ods of high winds, low humidity, and freezing or extremely 
high temperatures. 


19.4.7.2 Fires During Civil Unrest. This is a type of opportu- 
nistic fire. Other indicators such as financial stress often 
accompany this indicator. 

Also, incendiary fires during civil unrest usually do not 
involve elaborate ignition devices or materials, although “fire 
bombs” or liquid accelerants are sometimes used. More often, 
available materials are utilized as an initial fuel. 


Asimilar pattern may develop when repetitive fires or a series of 
incendiary fires occur in the same geographic area (see 19.4.1.1). 
The owners or occupants may attempt to set a fire and have the 
cause attributed to another firesetter. In these instances, the 
investigator may discover a difference in the method (such as 
time of day, days of the week, location of the fire), the materials 


(such as different fuels) used, or ignition source that does not fit 
the established firesetting pattern. (See 19.4.1.) 


19.4.7.3 Fire Department Unavailable. Fires may be set at 
times when the fire department is unavailable. Examples 
include deliberately calling in a false alarm to get the fire 
department away from the area or starting the fire while there 
is a working fire in progress or when the fire department is 
involved in a parade or other community function. 


19.4.8* Motives for Firesetting Behavior. Motive indicators 
should not be included or substituted as analytical elements of 
the fire scene for the purpose of determining or classifying the 
fire cause. The proper use of motive indicators in the fire 
investigation process is in identifying potential suspects only 
after the fire origin and cause has been determined and the 
fire has been classified as incendiary. 

Motive is defined as an inner drive or impulse that is the 
cause, reason, or incentive that induces or prompts a specific 
behavior. The identification of an offender’s motive is a key 
element in crime analysis. Crime analysis is a method of iden- 
tifying personality traits and characteristics exhibited by an 
unknown offender. It is the identification and analysis of the 
personality traits that eventually lead to the classification of a 
motive. Once a possible motive is identified, the investigator 
can begin to evaluate potential suspects for the incendiary fire. 

Behaviors related to the classifications of motive may not be 
exclusive to one motive classification but may appear to over- 
lap categories and to be similar for different motives. In these 
instances, it is important to obtain additional information that 
may clarify the behaviors. 

In addition to the identification of a motive, other analyses 
should be considered that might assist in determining if a 
serial firesetter exists. Through the analysis of confirmed 
incendiary fires, trends or patterns in repetitive firesetting 
behaviors may be detected. The three principal trends that 
may be identified are geographic clustering, temporal fre- 
quency, and methods and materials. (See 19.4.1.) 


19.4.8.1 Motive Versus Intent. There is an important distinc- 
tion to be made between motive and intent. /ntent refers to the 
purposefulness or deliberateness of the person’s actions, or in 
some instances, omissions. It also refers to the state of mind that 
exists at the time the person acts or fails to act. Intent is gener- 
ally necessary to show proof of crime. The showing of intent 
generally means that some substantive steps have been taken in 
perpetuating the act. Motive is the reason that an individual or 
group may do something. It refers to what causes or moves a 
person to act or not to act and the stimulus that causes action or 
inaction. Motive is generally not a required element of a crime. 

For example, a person with indications of “financial diffi- 
culty” could experience a fire to his insured property that is 
ignited by his falling asleep with a lit cigarette. While this per- 
son may have motive to cause a fire, that person did not intend 
to have a fire. Thus, no element of intent existed. 


19.4.8.2* Classifications of Motive. The classifications dis- 
cussed in this chapter are those identified in Douglas et al., 
Crime Classification Manual (CCM). The CCM uses a diagnostic 
system intended to standardize terminology and formally clas- 
sify the critical characteristics of the perpetrators and the vic- 
tims of the three major violent crimes: murder, arson, and 
sexual assault. 

The CCM identifies analytical factors that have been iden- 
tified as essential elements in order to classify the motive of an 
offense. These factors include information about the victim, 
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the crime scene, and the nature of the victim—offender 
exchange. Not all the information will, or should be expected 
to be present in every case. The intent is to provide the fire 
investigator with as much information as possible. 

The behaviors that may identify a possible motive, and thus 
a possible suspect, apply whether the fire is the result of a one- 
time occurrence or multiple occurrences, such as with a repeti- 
tive or serial firesetter. There are three classifications of repeti- 
tive firesetting behavior. These are identified as serial arson, 
spree arson, and mass arson. The terminology used in classify- 
ing a repetitive firesetter is similar to the terminology used in 
murderers. Serial arson involves an offender who sets three or 
more fires, with a cooling-off period between the fires. Spree 
arson involves an arsonist that sets three or more fires at separate 
locations with no emotional cooling-off period between fires. 
Mass arson involves an offender who sets three or more fires at 
the same site or location during a limited period of time. 

The numerical classifications, which appear in the parenthe- 
ses behind the classifications and the subclassifications, corre- 
spond with the classifications of the Crime Classification Manual. 

The National Center for the Analysis of Violent Crime 
(NCAVC) has identified the six motive classifications as the 
most effective in identifying offender characteristics for fire- 
setting behavior, as follows: 


(1) Vandalism 

(2) Excitement 

(3) Revenge 

(4) Crime concealment 
(5) Profit 

(6) Extremist 


19.4.8.2.1 Vandalism. Vandalism-motivated firesetting is defined 
as mischievous or malicious firesetting that results in damage to 
property. Common targets include educational facilities and 
abandoned structures, but also include trash fires and grass fires. 
Vandalism firesetting categories include the following. 


(a) Willful and Malicious Mischief. These are incendiary 
fires that have no apparent motive or those that seemingly are 
set at random and have no identifiable purpose. These are 
fires that are often attributed to juveniles or adolescents. 

(b) Peer or Group Pressure. Recognition or pressure from 
peers is sometimes regarded as a reason for firesetting, partic- 
ularly among juveniles. 


19.4.8.2.2* Excitement. The excitement-motivated firesetter 
may enjoy the excitement that is provided by actual firesetting 
or the activities surrounding the fire suppression efforts, or 
may have a psychological need for attention. The excitement- 
motivated offender is often a serial firesetter. This firesetter will 
generally remain at the scene during the fire and will often get 
in position to respond to, or view the fire and the surrounding 
activities. The excitement-motivated firesetter’s targets range 
from small trash and grass fires to occupied buildings. 

The excitement-motivated firesetter includes the following 
subcategories. 


(a) Thrill Seeking. Setting a fire provides this offender with 
feelings of excitement and power. The thrill-seeking firesetter 
is often a repetitive firesetter, who compulsively sets fires to sat- 
isfy some psychological desire or need. 

(b) Attention Seeking. These firesetters have a need to feel 
important, and they set fires in order to satisfy a psychological 
need. 

(c) Recognition. These firesetters are sometimes described 
as the hero or vanity firesetter. These firesetters often remain 
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at the fire scene to warn others, report the fire, or assist in fire- 
fighting efforts. They enjoy or may seek the recognition and 
praise they receive for their efforts. Typical among these fire- 
setters are security guards and fire fighters. Occasionally these 
firesetters may even take responsibility for the setting the fire. 

(d) Sexual Gratification or Perversion. These are firesetters 
who set fires as a means of sexual release. The firesetter in this 
category is considered rare. 

Attention-seeking, recognition, and sexual-gratification 
firesetters rarely attempt or intend to harm people, but these 
firesetters may disregard the safety of innocent bystanders or 
occupants. However, the thrill-seeking offender, whose com- 
pulsion requires the inherent sense of satisfaction, will often 
set a big fire, or a series of bigger fires. Fires will typically 
involve structures, but when vegetation is involved, these fires 
are also large. 


19.4.8.2.3* Revenge. The revenge-motivated firesetter retali- 
ates for some real or perceived injustice. An important aspect 
is that a sense of injustice is perceived by the offender. The 
event or circumstance that is perceived may have occurred 
months or years before the firesetting activity. A fire by the 
revenge-motivated offender may be a well-planned, one-time 
event or may represent serial firesetting, with little or no pre- 
planning. Serial offenders may direct their retaliation at indi- 
viduals, institutions, or society in general. 

Subcategories of revenge firesetting include the following. 


(a) Personal Retaliation. The triggering event for this 
motive may be an argument, a fight, a personal affront, or any 
event perceived by the offender to warrant retaliation. Favor- 
ite targets include the victim’s vehicle, home, or personal pos- 
sessions. The specific location and the materials involved in 
the fire may be a significant factor in identifying the offender. 
Igniting clothing or other personal possessions is seen as a 
more personal affront to the victim than simply setting a fire 
in a common area. The fire scene may also be vandalized. 
These fires may be a one-time event or an act of serial arson. 

(b) Societal Retaliation. This offender usually suffers from a 
feeling of inadequacy, loneliness, persecution, or abuse. The soci- 
etal retaliation offender generally is not satisfied with a single fire 
or even a series of fires. Therefore, this serial offender is likely to 
set many more fires than other revenge-motivated firesetters. 

(c) Institutional Retaliation. This classification of offender 
targets institutions such as religious, medical, governmental, 
and educational institutions, or corporations. The firesetter 
may be a disgruntled employee, a former employee, a cus- 
tomer, or a patient. 

(d) Group Retaliation. Targets for group retaliation may be 
religious, racial, fraternal, or other groups, including gangs. 
Graffiti, symbols or markings, and other vandalism may 
accompany the fire. 


19.4.8.2.4* Crime Concealment. This category involves fire- 
setting that is a secondary or a collateral criminal activity, per- 
petrated for the purpose of concealing the primary criminal 
activity. In some cases, however, the fire may actually be part 
of the intended crime, such as revenge. Many people errone- 
ously believe that a fire will destroy all physical evidence at the 
crime scene. Categories for crime concealment firesetting 
include the following. 


(a) Murder Concealment. This scenario is where a fire is set 
in an attempt to conceal the fact that a homicide has been 
committed, to destroy forensic evidence that may identify the 
offender, or to conceal the identity of the victim. 
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(b) Burglary Concealment. This is a fire that is set in an 
attempt to conceal the fact that a burglary has occurred or to 
destroy forensic evidence that may identify the offender. 

(c) Destruction of Records or Documents. This is a fire that tar- 
gets records or documents. These fires may involve files ignited 
still in their folders or an origin inside a file cabinet. It may 
involve ordinary combustibles located in an exposure position 
to the files, such as a trash can moved adjacent to the files. 
Potential suspects in these incidents involve those who have 
some interest in the documents or records that were targeted. 


19.4.8.2.5* Profit. Fires set for profit involve those set for mate- 
rial or monetary gain, either directly or indirectly. The direct 
gain may come from insurance fraud, eliminating or intimidat- 
ing business competition, extortion, removing unwanted struc- 
tures to increase property values, or from escaping financial 
obligations. 

The broad category of fraud is frequently identified as an 
arson motive. However, fraud is classified as a subcategory in 
the profit motive category. Fraud-motivated fires may include 
commercial or residential properties. Commercial fraud fires 
may be set or arranged by an owner to destroy old or anti- 
quated equipment, to destroy records to avoid taxes or audits, 
or for the purpose of obtaining insurance money. Fires may be 
set by a competitor to gain market advantage, or by agents of 
organized crime for purposes of extortion, protection rackets, 
or intimidation. Residential fraud may include an owner 
intending to defraud an insurance carrier, or a tenant 
defrauding an owner or a welfare agency. Increasing taxes, 
physical deterioration (and legally mandated repairs such as 
by code enforcement agencies) , vacancy or inability to rent, or 
statutory rent-control measures may be reasons for a landlord 
to consider burning the structure. 

There are several subcategories that further identify fraud as 
a motive. These include fraud to collect insurance, fraud to liq- 
uidate property, fraud to dissolve a business, and fraud to con- 
ceal a loss or liquidate inventory. The other categories include 
employment, parcel/property clearance, and competition. 


19.4.8.2.6* Extremism. Extremist-motivated firesetting is 
committed to further a social, political, or religious cause. 
Fires have been used as a weapon of social protest since rev- 
olutions first began. Extremist firesetters may work in groups 
or as individuals. Also, due to planning aspects and the selec- 
tion of their targets, extremist firesetters generally have a 
great degree of organization, as reflected in their use of 
more elaborate ignition or incendiary devices. Subcategories 
of extremist firesetting are identified as follows. 


(a) Terrorism. The targets set by terrorists may appear to be 
at random; however, target locations are generally selected 
with some degree of political or economic significance. Politi- 
cal targets generally include government offices, newspapers, 
universities, political party headquarters, and military or law 
enforcement installations. Political terrorists may also target 
diverse properties such as animal research facilities or abor- 
tion clinics. Economic targets may include business offices, 
distribution facilities of utility providers (e.g., atomic genera- 
tion plants), banks, or companies thought to have an adverse 
impact on the environment. Fires or explosions become a 
means of creating confusion, fear, or anarchy. The terrorist 
may include fire as but one of a variety of weapons, along with 
explosives, used in furthering his or her goal. 

(b) Riot/Civil Disturbance. Intentionally set fires during 
riots or civil disturbances may be accompanied by vandalism 
and looting. It is worth noting that all fires ignited during peri- 


ods of civil unrest may not be the result of the extremist fire- 
setter but may be set by others, such as owners, hoping that the 
fire is attributed to the extremist firesetter and the circum- 
stances surrounding the civil disturbance. 


Chapter 20 Fire and Explosion Deaths and Injuries 


20.1 General. Fire and explosions exact a high toll in deaths 
and injuries, and the investigator must be prepared to make 
special efforts when they occur. Since fire and explosion inju- 
ries can lead to death hours, days, or even weeks after the 
event, every fire and explosion that involves serious injuries 
should be investigated in the same way as a fire and explosion 
that has immediate fatalities. While there is considerable over- 
lap between fire deaths and fire injuries, they will be consid- 
ered separately. 


20.2 Death Scene Considerations. There are a number of 
considerations to be made before the investigation of a fatal 
fire or explosion even begins that can have a significant 
impact on the length and success of the investigation. Any 
time a fire death occurs, or a death resulting from injuries 
received as a result of a fire or explosion occurs, an autopsy 
should be performed. 


20.2.1 Fire Suppression. Fire suppression personnel should 
be made aware that the use of straight-stream hose streams can 
disturb fragile evidence such as clothing and can alter a badly 
charred body. As soon as a body is discovered, and it is deter- 
mined that the victim is beyond medical aid, every effort 
should be made to minimize fire-fighting operations in close 
proximity to the victim, including foot traffic, hoselines, and 
equipment. Of course, if there is any chance of resuscitation, 
the survival of the victim must take priority. It might be 
thought advantageous to remove a body as soon as it is found 
so that operations are not impeded, but it is beneficial to the 
entire fire-death investigation if the body is left in place until 
it can be properly documented and examined. Only severe 
emergency conditions, such as imminent collapse of the build- 
ing or uncontrollable fire in the vicinity, should force prema- 
ture removal of the body. 


20.2.2 Documentation. As soon as conditions permit, photo- 
graphic documentation of the body or body parts and their sur- 
roundings should be carried out. If the body has to be moved 
due to emergency considerations, a few photographs may 
make the difference between a successful investigation and fail- 
ure. The photographs should be taken on color, 35 mm or 
large-format still film with a good-quality camera and a suitable 
electronic flash. Video recordings or instant-photo films may 
not provide adequate detail but may be used as a supplement 
or in the absence of other images. Either slides or prints are 
suitable, but print negatives expedite the process of making 
prints for court displays. Because fire patterns or blast effects 
on clothing and on the body may be important evidence, pho- 
tographs should be taken of all exposed surfaces of the body 
before the debris is disturbed and then again during searching 
and layering operations. The body should be photographed 
while it is being moved, to record any changes incurred by the 
removal process. In this situation, videotaping may be benefi- 
cial. After the body is removed, the location where it was found 
should be photographed along with the body before it is 
unclothed, as well as after removal of clothing. Any burns or 
other injuries should be photographed in close-up with a suit- 
able scale in the field of view. 
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Diagrams and sketches should supplement photos. Dia- 
grams can show hidden details. They can record the dimen- 
sions of features of the scene and can document distances 
between the body (and its extremities) and furnishings, walls, 
doors, windows, and other features (see Figure 20.2.2). The out- 
line of the body should be recorded on a diagram and should 
be traced on the floor in chalk, tape, or string so that it can be 
referred to in later stages of the scene examination. 


FIGURE 20.2.2 Diagram showing location of body 
in relationship to room and furnishings. 


7 ft 6 in. 


6 in. 


6 ft 3 in. 


Note: Not to scale. For SI units, 1 in. = 2.54 cm; 1 ft = 0.3 m. 


See Chapter 13 for additional information on documentation. 


20.2.3 Notification. In death investigations, there are legal 
and procedural requirements for notifying the necessary 
authorities, including police, coroner, medical examiner, and 
forensic lab, that vary from jurisdiction to jurisdiction. These 
requirements may involve both civil and criminal agencies, 
and the investigator should understand these steps prior to 
beginning the investigation. 


20.2.4 Recovery of Bodies and Evidence. A proper death inves- 
tigation is a team effort, and may involve the investigator, homi- 
cide detective, and forensic pathologist. All parties should be 
prepared to work side by side at the scene to ensure that all crit- 
ical evidence is recovered, whether the death is determined to 
be accidental or otherwise. If there are indications of foul play or 
if the body is very badly burned, the investigator should consider 
special assistance in the form of a criminality (forensic scientist) 
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with crime scene experience, a forensic odontologist, or a foren- 
sic anthropologist. 

The search for evidence tends to focus on the body with a 
realization that, in any death investigation, critical evidence is 
often recovered within arm’s reach of the body. The body is a 
convenient reference point, but it should be remembered that 
evidence may be elsewhere in the vicinity, so a careful search 
must be made of the entire room or area. To aid in the search, 
this area should be marked off into sectors by string, tape, 
rope, or chalk, as shown in Figure 20.2.4. A grid system may be 
developed to conduct the investigation by dividing the scene 
into specific areas. The search in each grid needs to be docu- 
mented and the evidence from each grid identified. The 
geometry of the scene may determine the grid system, such as 
by floor or by room. Other methods include spiral, strip, or 
area searches. Regardless of the method used, the assigned 
search areas should overlap to ensure complete coverage. 


FIGURE 20.2.4 An example of aroom that has been marked 
off into sectors. 


The sequence of events of death, fire, explosion, and col- 
lapse may be revealed by the sequence of layers in the debris 
(ceiling, furniture, body, floor covering, etc.) and by noting 
where the fire damage has occurred. An unburned body found 
on an unburned sofa beneath a collapsed ceiling and roof 
structure is a lot different than a burned body found under a 
burned sofa with a ceiling collapsed on top. The search 
through each sector proceeds through the layers of debris as 
they are found. The debris from each sector can be removed to 
a location where a more detailed search can be carried out by 
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other searchers, using sieving through a series of sifting 
screens. Such screens are typically made of 1 in., !/9 in., 1/4 in., 
and window screen wire mesh (hardware cloth) fitted to 
wooden or metal frames. 

When the body is removed (often after the detailed search 
has been carried out in the sectors surrounding it), all debris 
associated with or adhering to the body should be transported 
in the body bag and preserved for trace evidence, volatiles, 
weapons, projectiles, and the like. The area under the body 
should then be carefully searched for evidence that has fallen 
loose while the body is being moved. 


20.3 Death-Related Pathological and Toxicological Examina- 
tion. There are a number of examinations that can be con- 
ducted on the victim that may yield information of value to an 
investigator. 


20.3.1 X-rays. X-rays made of the entire body and all associ- 
ated debris can be extremely beneficial. These can be supple- 
mented with dental X-rays and detail X-rays of anatomic 
features (broken bones, wounds, etc.). Fluoroscopy, while 
convenient, does not capture the same detail as an X-ray and 
provides no permanent image. 


20.3.2 Carbon Monoxide Levels. Carbon monoxide levels in 
blood and tissue are the most common postmortem tests 
because they can reveal a lot about the cause of death. Carbon 
monoxide causes a cherry-pink coloration to the skin that may 
not be visible in dark-skinned individuals or ones that are 
heavily soot covered. The coloration may be visible in the skin, 
lips, and nipples, as well as in the liquid blood, in areas of post- 
mortem lividity, and in the internal organs. The coloration in 
internal organs will remain when the organ is preserved in for- 
malin, when normal tissue turns a muddy gray-brown color. The 
carbon monoxide saturation in the blood (carboxyhemoglobin, 
percent COHb) and tissue may be measured by a chemical assay 
or by a gas chromatographic method. If possible, carbon mon- 
oxide saturation should be measured for every fire victim. 


20.3.3 Presence of Other Toxic Products. The presence of 
toxic products such as hydrogen cyanide or hydrogen chlo- 
ride (from combustion products) or other organic or inor- 
ganic poisons is determined by chemical or instrumental 
analysis of blood, brain, or organ tissue. The levels of alcohol, 
pharmaceutical drugs, or drugs of abuse are determined by 
gas chromatography/mass spectrometry, liquid chromatogra- 
phy, or immunoassay techniques. Most of these assays are car- 
ried out on liquid blood, but in severely burned bodies, there 
may not be enough liquid blood, so other body fluids or tissue 
samples may be used. Blood samples must be drawn from a 
blood vessel and not from the abdominal cavity if their analy- 
sis is to be reliable. 


20.3.4 Smoke and Soot Exposure. Evidence of smoke or soot 
in the lungs, bronchi, and trachea (even esophagus) is one of 
the most significant factors in confirming that the victim was 
alive and breathing smoke during the fire. This finding 
requires that the trachea be transected over its entire length. 
Soot in mouth or nasal openings alone may be the result of 
soot settling in openings and not of breathing. Knowing the 
position of the body when found may be critical to a correct 
interpretation. Soot may also be swallowed and found in the 
esophagus and stomach. 


20.3.5* Burns. Burns may be induced by antemortem expo- 
sure to flames, hot surfaces, radiant heat, or hot gases or by 
postmortem radiant, convected, or conducted heat in the fire 
environment. Antemortem burns trigger a vital response, 


including reddening and blistering, which involves cellular 
and chemical changes that may be detected after death. Burns 
that occur immediately prior to death may not have time to 
exhibit a vital response and may not be distinguishable from 
postmortem burns. Blistering can be produced postmortem. 
Postmortem effects are dominated first by shrinkage due to 
dehydration of the muscle tissue. This shrinkage causes flex- 
ion, since the flexor muscles of the body are usually more mas- 
sive that the extensor muscles. This flexion can produce the so- 
called pugilistic attitude. The crouching stance with flexed arms, 
legs, and fingers is not the result of any pre-fire physical activity 
(such as self-defense or escape) but a direct result of the fire. 
Bone fractures can result from such muscle contraction or as 
the result of extensive direct exposure to heat and flames. 
Blood can seep from ears, nose, and mouth as a result of 
heating. Blood found external to the body can indicate ante- 
mortem physical trauma. Blood can percolate into the epidural 
space between skull and the dura (the tough lining of the skull), 
but not, as a rule, into the subdural space between the brain and 
the dura. This subdural hematoma results from injury only. 


20.3.6 Consumption of the Body by Fire. The investigator 
should remember that the body is part of the fuel load of a 
burning room. That is why the burn patterns on the body and 
any consumption of it have to be considered within the con- 
text of the entire scene and not in isolation. Aside from the 
clothing, there are three major combustible constituents to 
the body. Skin and muscle tissue is not a good fuel, but it will 
burn if heated enough to dehydrate it and then exposed to 
enough direct flame to consume it. It will char and undergo 
glowing combustion if enough additional heat is provided. 
Fat is the best fuel on the body. Animal fat has a heat of com- 
bustion (DHc) of over 30 MJ/kg. It can be dehydrated by a 
modest flame, and then melted or rendered to support 
flames. While not readily combustible, bone adds to the fuel 
by supplying marrow and tissue as fuel. Living bone will 
shrink and shatter when heated, while its surface undergoes 
degradation to a flaky or powdery form, but it does not readily 
oxidize to calcium oxide. The skull can fracture (typically 
along the suture lines) or disintegrate when heated. Internal 
pressure caused by expansion of water in the brain tissue can 
cause the skull to explode. 

Human bodies do not combust spontaneously. If fire con- 
ditions are appropriate, the body fat can render from a dead 
body to sustain a small but persistent flaming fire. If the body 
fat can be absorbed onto the rigid, absorbent char of uphol- 
stery, clothing, bedding, or carpet, the flames can be sustained 
in the manner of an oil lamp. The flames then promote dehy- 
dration and combustion of muscle tissues and internal organs 
and reduce bones to a flaky mass over a period of many hours. 
The fire thus sustained is small enough that other combustible 
fuels in the vicinity may not ignite by radiant or convected 
heat. The end result is a body most heavily burned away in the 
area where the most body fat is located (the torso) leaving the 
lower legs, arms, and often the head relatively unburned. 


20.4 Fundamental Issues of Death Investigations. There are 
a number of fundamental issues that may confront the investi- 
gator involved in a death related to fire or explosion. These 
are listed in 20.4.1 through 20.4.6. 


20.4.1 Remains Identification. In a very badly damaged body, 
the determination as to the remains being human or animal 
may not be as simple a matter as would first appear. Animals hav- 
ing the same mass as an adult, such as pigs, deer, or even large 
dogs, can be mistaken for human remains (and vice versa). 
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Badly charred remains of children or infants are even harder to 
identify, because their smaller mass and reduced calcification 
allows more destruction. While it is difficult to destroy the 
remains of an adult human in a structure or even vehicle fire, 
remains of infants can be consumed so completely as to defy 
identification. This critical identification may require the ser- 
vices of a physical or forensic anthropologist who is familiar with 
the anatomical characteristics of all species. 


20.4.2* Victim Identification. The identification of victims 
can be carried out by a variety of means, depending on the 
extent of fire damage to the body. Identification by visual 
observation is most unreliable, for exposure to even a moder- 
ate fire induces tissue swelling and tightening of skin by shrink- 
age. Color changes to face and hair can make identification of 
a person and sometimes even estimation of age and race diffi- 
cult. Visual observation should be used only as a starting point. 

Clothing and personal effects should be used, like visual 
identification, only as a starting point. It is far too easy for 
clothes, wallets, rings, watches, and other personal effects 
(even dental plates) to be substituted onto another person 
prior to a fire. Fingerprints can be used with almost complete 
certainty if record prints are available for the person thought 
to be the victim. If even a small portion of unburned friction 
ridge skin remains on a fingertip, that may bear enough indi- 
vidual characteristics to permit comparison. 

X-rays provide one of the surest means of identifying even 
badly burned bodies. The mass of the head tends to protect 
the teeth from most fire damage, and dental X-rays may be 
secured if even a tentative identification is made. The jaws 
must be resected and X-rays made by a qualified odontologist 
to replicate the positions and angles of whatever clinical ante- 
mortem X-rays are available. The shape and locations of fill- 
ings, bridges, and implants are then used to make the 
identification. In some cases, unusual root shapes or other 
irregularities have been used in the absence of dental work. 
X-rays of other parts of the body may yield previous fractures 
or other injuries or surgical procedures that can verify an iden- 
tification. There are also custom-made joint implants, prosthe- 
ses, and even pacemakers that can be identified. 

DNA or serological typing can be conducted if family mem- 
bers are available to provide reference samples. These tech- 
niques can be used on even fragmentary remains if they have 
not been completely charred, and they are nearly as reliable a 
form of personal identification as fingerprints. 


20.4.3 Cause of Death. The cause of death may be defined as 
the event, injury, or illness that caused the sequence of 
changes that ultimately brought about death. Examples of 
causes of death include smoke inhalation, burn (incinera- 
tion), gunshot, trauma (explosion, structural collapse), but 
may be heart attack or illness (chronic or acute). 


20.4.4 Manner of Death. The manner of death describes the 
general course of events or circumstances that brought about 
the cause of death (accidental, homicidal, suicidal, natural, or 
undetermined). 


20.4.5 Victim Activity. An attempt should be made to deter- 
mine the victim’s activity before, during, and after the onset of 
the fire or explosion and at the time of death, including 
whether the person was alive and conscious. Factors that can 
assist the investigator in making these determinations include 
the following: 


(1) Location of the body (in bed, at exit) 
(2) Position of the body (in chair, hiding) 
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(3) Clothing on the body (pajamas, work clothes) 

(4) Burn patterns on the clothing 

(5) Burn patterns on the body 

(6) Items found with the body (e.g., keys, telephone, flash- 
light, fire extinguisher, personal property) 

(7) Blast damage to the body (e.g., pressure, impact, and 
shrapnel) 

The patterns of damage on the clothing and the body 
should be considered in context with the total fire or explosion 
patterns in the room or area. Apparent inconsistencies should 
be examined. Burn patterns to the clothing (e.g., cigarette 
burns) may reveal a history of involvement with previous fires. 
Burn patterns to the clothing or the body may indicate that an 
attempt had been made to fight the fire or may be evidence of 
firesetting. The relationship between the death and the fire 
should be investigated, because not all fire-related deaths are 
directly caused by heat, flame, or smoke. Examples include a 
person smoking a cigarette on a sofa who dies of a heart attack, 
a person jumping from a window to escape a fire, fatal trauma 
from building collapse, and homicide prior to the fire. 


20.4.6 Postmortem Changes. Upon death, the circulation of 
blood ceases and the blood begins to settle in the blood vessels 
and capillaries into the lowest available portions of the body in 
response to gravity, over a period of hours. This settling pro- 
duces a purple or red coloration in the tissues, called lividity or 
livor mortis. In the first few hours after death, if the body is 
moved and its position altered, lividity disappears from one 
area and will develop in the new lowest area. After 6 to 9 hours, 
lividity becomes fixed and no longer shifts if the body is 
moved. The areas of lividity can appear red if the victim died 
with a significant COHb level because of the bright red color 
of blood with a high COHb saturation. The presence, absence, 
and pattern of areas of lividity can help establish the position 
of the body after death and can reveal whether it has been 
moved or repositioned after death. 

Over a period of hours after death, chemical changes in the 
muscle tissue cause it and the joints to stiffen in place. This is 
called rigor mortis. It develops first in the hands and feet, pro- 
gressively involving the limbs, torso, and head. Its onset 
depends on the temperature of the body (and its environ- 
ment) and the physical activity of the victim just before death. 
After 12 to 24 hours, the rigor passes, leaving the joints and 
muscles limber. Loss of the rigor proceeds from extremities to 
torso and head over a several hour period. Extreme muscular 
activity just prior to death and high environmental tempera- 
tures may hasten the onset (and often the loss) of rigor. Expe- 
rienced forensic pathologists may use the progressive onset 
and loss of rigor to help establish an approximate time of 
death. Rigidity (and contraction) of muscles caused by expo- 
sure to fire is not the same as rigor mortis and does not leave 
the body with time. 


20.5 Mechanism of Death. The combustion products aris- 
ing from a fire are many and their effects on healthy individ- 
uals varied; however, none are without toxicological effects. 
The inhalation of these products or contact with skin or eyes 
can result in deleterious biological effects, such as immedi- 
ate irritation of the eyes and respiratory tract or systemic 
effects that influence other functions of the body. These 
products include carbon monoxide, carbon dioxide, nitro- 
gen oxides, halogen acids (hydrochloric, hydrofluoric, and 
hydrobromic acid), hydrogen cyanide, particulates (ash, 
soot), and aerosols (complex organic molecules resulting 
from pyrolysis products). 
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20.5.1* Carbon Monoxide. Carbon monoxide (CO) is pro- 
duced at some level in virtually every fire. All carbon-based 
fuels (e.g., wood, paper products, plastics) produce carbon 
monoxide as a result of incomplete combustion. During burn- 
ing of organic fuels, CO is initially formed and then subse- 
quently oxidized to carbon dioxide (COg). In underventilated 
fires or in fires where the initial products of combustion mix 
with colder gases (such as in smoldering fires), conversion of 
CO to COs, can be halted, and CO can become a major prod- 
uct of combustion. In well-ventilated fires, the level of CO pro- 
duced may be as little as a few hundred parts per million (i.e., 
0.02 percent). However, in underventilated, smoldering, or 
postflashover fires, CO concentrations of 1 percent to 10 per- 
cent (10,000 ppm to 100,000 ppm) can be produced. Elevated 
CO concentrations can also develop during fire suppression. 


Carbon monoxide is an anesthetic and an asphyxiant. 
When inhaled, CO binds with hemoglobin in the blood, creat- 
ing carboxyhemoglobin (COHb), which is approximately 200 
times more stable than oxyhemoglobin. Therefore, the blood 
can accumulate dangerous levels of COHb from even low CO 
concentrations in the air. Thus, COHb reduces the oxygen- 
carrying capacity of the blood, leading to asphyxiation. In 
addition, CO delivered to the cells can interfere with cell res- 
piration, causing incapacitation or death. The effects of car- 
bon monoxide inhalation usually can be reversed by breathing 
fresh air or oxygen. However, carbon monoxide can remain in 
the blood for many hours after exposure. Consequently, 
repeated or long-term exposures to low levels of CO can result 
in the accumulation of a lethal level of COHb in the blood. 


Because carboxyhemoglobin is so stable, it can be readily 
measured in the blood of fire victims, even long after death. 
The average fatal level of blood CO is widely accepted as 50 
percent COHb. However, research has shown that fire victims 
have died from CO exposure with a blood COHb level as low 
as 20 percent. Also, COHb levels as high as 90 percent have 
been measured in fire victims. Thus, a victim’s COHb level is 
an important indicator of his or her fate in a fire. Victims with 
less that 20 percent COHb most likely died from other causes, 
such as a lack of oxygen, or burns (as indicated in the follow- 
ing material). In contrast, victims with COHb concentrations 
of 40 percent or higher are likely to have died from carbon 
monoxide alone or in combination with other factors (such as 
age, alcohol, or a heart condition) or may simply have been 
incapacitated sufficiently by carbon monoxide poisoning to be 
unable to flee the fire. 


In assessing the significance of a victim’s COHb level, it 
should be noted that smokers typically have a 4 percent to 10 
percent COHb level as a result of smoking alone. Also, victims 
who were administered oxygen, prior to blood being drawn, 
may show a low COHb due to the oxygen. Therefore, knowl- 
edge of the time elapsed between removal from the fire and 
death and the dosage of any oxygen administered to the victim 
prior to blood sampling is important in assessing the signifi- 
cance of the victim’s COHb level (see Section 20.8). 


Studies have shown that most fire victims (75 percent to 80 
percent) die from carbon monoxide poisoning, and that most 
of these people die remote from the room of fire origin. This 
occurs because most fires do not produce lethal levels of CO 
until postflashover (the exception is smoldering fires). Thus, 
victims of carbon monoxide inhalation are typically outside 
the initial fire room unless the fire resulted from smoldering 
ignition. However, during flashover, thermal injury and lack 
of oxygen can cause death before substantial concentrations 


of COHb are developed. The same can occur if the victim is 
involved in a flash fire involving fuel gases or vapors. 


20.5.2 Thermal Effects. Death or injury can result from the 
hot thermal environment of a fire. The two main thermal 
causes are hyperthermia and inhalation of hot gases. 


20.5.2.1 Hyperthermia. Victims exposed to the hot environ- 
ment of a fire, including high moisture content, are subject to 
incapacitation or death due to hyperthermia, especially if the 
person is active. The time duration and type of exposure can 
lead to either simple hyperthermia or acute hyperthermia. 

Simple hyperthermia results from prolonged exposures 
(typically more than 15 minutes) to hot environments where 
the ambient temperature is too low to cause burns. Such con- 
ditions range from 80°C to 120°C (176°F to 248°F), depend- 
ing on the relative humidity, and usually result in a gradual 
increase in the body core temperature. High humidity makes 
it harder for the body to dispel excess heat by evaporation and 
thereby accelerates the heating process. Core body tempera- 
tures above approximately 43°C (109°F) are generally fatal 
within minutes unless treated. 

Acute hyperthermia involves exposure to high tempera- 
tures for short periods of time (less than 15 minutes). This 
type of hyperthermia is accompanied by burns. However, 
when death occurs shortly after exposure to severe heat, the 
cause of death is generally considered to be from a rise in 
blood temperatures rather than from burns. 


20.5.2.2 Inhalation of Hot Gases. Inhalation of hot fire gases 
can result in death or injury. However, it is difficult to distin- 
guish the effects of thermal inhalation burns from edema and 
inflammation caused by chemical irritants in smoke. A distin- 
guishing characteristic of thermal inhalation burns is that they 
are always accompanied by external facial burns, as the tem- 
peratures are sufficient to burn skin and facial hair. 


20.5.3 Other Toxic Gases. There are many toxic gases found 
in fire environments that can cause irritation and swelling 
(edema) sufficient to interfere with breathing. Hydrogen cya- 
nide (HCN) can be produced during the combustion of wool, 
hair, or polyurethane foams. Hydrogen chloride (HCl) can be 
produced during the combustion of polyvinyl chloride (PVC) 
plastics. Acrolein is produced during the combustion of wood 
and other cellulosic products. 


20.5.4 Soot and Smoke. Soot and smoke can contribute to 
fire deaths and injuries through several mechanisms. Hot soot 
particles can be inhaled and can cause thermal injuries lead- 
ing to edema in the respiratory system. Soot particulate can 
also contain toxic chemicals and can provide inhalation and 
ingestion pathways for these toxins. Excessive soot can also 
physically block the airways, causing asphyxiation. Liquid 
aerosols (mists) of pyrolysis are often acidic, causing chemical 
edema, and are often very toxic, causing systemic failures 
upon inhalation. 


20.5.5 Hypoxia. Hypoxia is a condition caused by breathing 
a reduced oxygen atmosphere. A reduced oxygen environ- 
ment occurs in an enclosure fire as a natural consequence of 
the combustion process. There is little effect of reduced envi- 
ronmental oxygen down to 15 percent oxygen in air. However, 
as the oxygen concentration in inhaled air decreases from 15 
percent to 10 percent, a gradual increase in respiration 
occurs, followed by disorientation and loss of judgment. As the 
oxygen concentration in the ambient environment decreases 
below 10 percent, unconsciousness occurs, followed rapidly by 
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cessation of breathing and death. This situation is aggravated 
by a high level of carbon dioxide in the air, which causes a sub- 
stantial increase in the rate and depth of respiration. 

It should be noted that neither carbon dioxide nor oxygen 
levels can be measured in the blood postmortem because their 
levels begin to change immediately upon cessation of breathing. 


20.6 Postmortem Tests and Documentation. The following 
is a list of procedures found to provide valuable information 
in the postmortem examination of victims of fires, to help 
establish identity, cause, and manner of death. The fire inves- 
tigator should encourage the tests listed in 20.6.1 through 
20.6.7 to be conducted and the results provided to the appro- 
priate authority. Information concerning emergency medical 
treatment provided to the victim prior to a declaration of 
death should be provided to the appropriate authority. 


20.6.1 Blood. Blood (from major blood vessel or chamber 
of the heart, not from a body cavity) should be tested for the 
following: 


(1) COHb percent saturation in blood 

(2) HCN concentration 

(3) Blood alcohol level or concentration 

(4) Drugs (prescription, nonprescription, or illegal) pres- 
ence and concentration 

(5) Poisons (when indicated) 


20.6.2 Internal Tissue. When indicated, internal tissue (brain, 
kidney, liver, and lung) should be tested for the following: 


(1) Drugs 
(2) Poisons 
(3) Volatile hydrocarbons 


20.6.3 External Tissue (Skin Near Burns). When _ indicated, 
skin excised should be tested for vital chemical or cellular 
response to burns (antemortem versus postmortem burns). 


20.6.4 Stomach Contents. Activities prior to death, and possi- 
ble time of death, may be established through assaying of 
stomach contents, which should be examined when indicated. 
Presence or absence of soot in the esophagus and stomach 
contents should be noted. 


20.6.5 Airways. Full longitudinal transection of airways from 
mouth to lungs may reveal the presence and distribution of 
edema, scorching or dehydration, and soot and should be 
conducted where indicated. 


20.6.6 Internal Body Temperature. Internal body tempera- 
ture may be used to aid in establishing the time and mecha- 
nism of death and should be determined where indicated. 
The temperature may be elevated due to hyperthermia, ante- 
mortem condition, or postmortem exposure to radiant heat. 


20.6.7 X-rays. In order to establish identity, X-rays may need 
to be taken of the entire body, plus details of teeth. X-ray 
examination, including the clothing and associated debris 
found near the body, may also reveal unusual items such as 
bullets or shrapnel. 


20.6.8 Clothing and Personal Effects. Clothing and personal 
effects should be examined to document the type, material, 
brand, and burn patterns present. All clothing associated with 
the body should be collected, packaged, and preserved after 
appropriate X-rays and evaluation. These items should be col- 
lected in accordance with Chapter 14. If the presence of an 
ignitable liquid is suspected, the material should be collected 
in accordance with Section 14.5. 
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20.6.9 Photographs. At the time of the postmortem examina- 
tion, any burns or other injuries should be photographed, 
including close-ups with a suitable scale in the field of view. 
Overall photographs of the victim before and after clothing is 
removed should also be taken. 


20.6.10 Diagrams of Burns and Injuries. The location, distri- 
bution, and degree of burns or other injuries should be shown 
on a diagram such as Figure 20.6.10. Such documentation of 
the burn patterns may assist the investigator in determining the 
victims’ activities and location during the fire. (See 20. 7.2.3.) 


FIGURE 20.6.10 Example of a chart that can be used to 
diagram injuries. 
BODY DIAGRAM 


Indicate parts of body injured: 
[ ]None _ [ ] Blisters (red marker) [ ] Burns (black marker) 


Top of head 


iv v 


Fire investigation data sheet/attachment: Initials 
Body diagram 


20.6.11 Documentation of Major Physical Trauma and 
Wounds. Major physical trauma and wounds to the body, such 
as gunshot, fractures, blunt trauma, and knife wounds, should 
be examined and thoroughly documented. 


20.6.12 Sexual Assault Evidence. Physical evidence of possi- 
ble sexual assault should be collected in accordance with 
applicable regulations and procedures. 


20.6.13 Collection of Other Physical Evidence. When _possi- 
ble, the investigator should be present when the postmortem 
examination (autopsy) is conducted, not only to ensure that 
appropriate observations are made, but also to be on hand to 
answer any questions that arise during the examination. 
Pathologists and medical examiners may have limited knowl- 
edge of fire chemistry, fire dynamics, or blast effects. In such 
instances the investigator can advise as to fire conditions in the 
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vicinity of the body. The investigator should ensure that phys- 
ical evidence such as bullets, casings, explosive residue, knives, 
and other weapons found with the body, as well as body fluids, 
record fingerprints, and dental records, are appropriately col- 
lected, preserved, and analyzed. 


20.7 Fire and Explosion Injuries. Since fire and explosion 
injuries can lead to death hours, days, or even weeks after the 
event, every fire and explosion that involves serious injuries 
should be investigated in the same way as a fire and explosion 
that has immediate fatalities. The clothing and injuries of peo- 
ple injured in a fire or explosion may constitute important phys- 
ical evidence to the investigator, and the scene deserves the 
same careful examination whether death or injuries resulted. 


20.7.1 Physical Evidence. Physical evidence from fires or 
explosions may extend beyond the body itself. Such evidence 
may be obvious (e.g., blood stains) or may be microscopic 
(e.g., hairs or fibers). This evidence may be found on such 
things as clothing or furnishings. 


20.7.1.1 Clothing. Clothing of people injured in fires or 
explosions is likely to be removed by emergency personnel or 
by emergency room staff and then discarded. The clothing, 
including outer clothing, undergarments, shoes, and socks, 
should be collected and preserved. If there is a suspicion that 
ignitable liquids or explosives were involved, there may be res- 
idues present. In any case, the clothing should be collected 
and preserved in accordance with Section 14.5 and 18.13.3 for 
later analysis. The clothing items may indicate the activity of 
the wearer at the time of the fire or explosion. What the cloth- 
ing is made of and how it is made may play a role in its ignit- 
ability by flaming or smoldering sources (loose long sleeves, 
fine fabrics, etc.). It may be important for the investigator to 
determine the ignitability, burning properties (char, melt, or 
both), or heat release rate of the clothing involved. 


20.7.1.2 Furnishings. At the scene, the furnishings that appear 
to have been involved in the fire should be assessed for the same 
fire properties as clothing. The position and condition of the 
furnishings involved may indicate the activity of the victim at the 
time of the fire or explosion. The ignitability by smoldering 
ignition versus flaming sources should be evaluated. Furnish- 
ings may have shielded victims from the blast and may include 
explosive residue and shrapnel. 


20.7.1.3 Ignition Sources. A search of the scene should be 
carried out to establish what ignition sources are found. Care- 
ful examination of these sources may reveal whether they were 
involved. Melted or charred residues of the clothing or furnish- 
ing involved may be found adhering to the ignition source. 


20.7.1.4* Notification Laws. Many jurisdictions have report- 
ing laws that require emergency or medical personnel to notify 
police or fire authorities when a person suffering from signifi- 
cant burns is treated. These laws are patterned after gunshot 
wound notification laws and have been found to be successful 
in identifying both victims of assault and abuse, as well as perpe- 
trators of arson who are burned in the execution of their crime. 


20.7.2 Medical Evidence (Burns). Evidence of burn injuries 
is often recorded in medical reports using terms with which 
the investigator should be familiar. 


20.7.2.1 Degree of Burn. Degrees of burn describe the depth 
and seriousness of injury as follows: 


(1) First degree: reddened skin only (like simple sunburn) 
(2) Second degree: blistering 

(3) Third degree: full-thickness damage to skin 

(4) Fourth degree: damage to underlying tissue, charring 


Alternate descriptions of degrees of burn to skin are super- 
ficial, partial, and full-thickness burns. 


20.7.2.2 Body Area (Distribution). Burn damage to the body 
is often estimated by the medical community by the “rule of 
nines,” where the major areas are represented by increments 
of 9 percent as follows: 


(1) Front of torso, 18 percent 
(2) Right arm, 9 percent 

(3) Front of right leg, 9 percent 
(4) Rear of right leg, 9 percent 
(5) Head, 9 percent 

(6) Rear of torso, 18 percent 
(7) Left arm, 9 percent 

(8) Front of left leg, 9 percent 
(9) Rear of left leg, 9 percent 
(10) Genitals, 1 percent 


A more precise distribution of skin surface to body area, 
which reflects the true proportions of the body, and which is 
sometimes used, is provided in Table 20.7.2.2. 


Table 20.7.2.2 Percentage of Body Surface Area 


Body Part Infant Child Adult 
Front of head 9.5 8.5 3.5 
Rear of head 9.5 8.5 3.5 
Front of neck 1.0 1.0 1.0 
Rear of neck 1.0 1.0 1.0 
Chest and abdomen 13.0 13.0 13.0 
Genitalia 1.0 1.0 1.0 
Back and buttocks 17.0 17.0 17.0 
Front of arm and hand 4.25 4.25 4.75 
Rear of arm and hand 4.25 4.25 4.75 
Front of leg and foot 6.25 6.75 10.0 
Rear of leg and foot 6.25 6.75 10.0 


Note: Infant = up to age 4; child = age 5 to 10; adult = age 11 and 
above. 


The total burned area of the body is sometimes used as a 
predictor of survivability, as indicated in the Figure 20.7.2.2. 
Whether the victim survives or not may dictate further investi- 
gation. This figure can be used for assessing the likelihood of 
survivability. 
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FIGURE 20.7.2.2_ Mortality by percentage of body burned and age. 


Age (year) 


(%) 10-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 4549 50-54 55-59 60-64 65-69 70-74 75-79 80+ 


1 1 1 
{ 


1 = 100% mortality; 0.1 = 10% mortality (from Bull, 1979). 


20.7.2.3 Documentation. Documentation should include 
line art diagrams of distribution of burn injuries and color 
photographs. (See 20.6.10.) Photos should be taken as soon as 
possible after the injury (preferably, before significant treat- 
ment is under way). Medical treatment and healing will affect 
appearance; therefore, photos taken later in the healing pro- 
cess may be difficult to interpret. Removal of eschar (scar tissue 
formed over healing burn wounds), skin grafts, and incisions 
made to relieve pressure and allow flexibility can make burn 
areas look different (better or worse) than the original burns. 


20.7.2.4 Mechanism of Burn Injury. Burns induced by chem- 
icals or contact with hot liquids (scalds) may not be distinguish- 
able from those induced by hot gases or flames. When radiant 
heating raises the temperature of the skin, the higher the radi- 
ant flux, the faster damage will occur. For instance, a heat flux 
of 2 kW/m? will cause pain after a 30-second exposure, while a 
heat flux of 10 kW/m? will cause pain after just 5 seconds. A 
flux of 2 kW/m? will not cause blisters, while 10 kW/m? will 
blister in 12 seconds. (See Figure 20. 7.2.4.) A radiant heat flux of 
20 kW/m? typically associated with flashover, is sufficient to 
cause severe burns or death by thermal exposure and to ignite 
clothing. Radiant heat, sufficient to cause burns, can be 
reflected from some surfaces. Heat can be transferred through 
clothing, causing burns to the underlying skin, without any 
readily identifiable damage to the clothing. 


Conducted heat can be more dangerous than radiant or 
convected heat because the heat source is brought into more 
intimate contact with the skin than typically occurs with either 
radiant or convected heat transfer. Skin can be damaged when 
it reaches a temperature of 54°C (130°F). This exposure can 
result from immersion in water for 30 seconds at 54°C (130°F) 
or by immersion for only 1 second at 65°C (150°F). Clothing, 
especially heavier cellulosic fabrics like denim or canvas, can 
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transmit enough heat by conduction to cause skin burns even 
though the fabric does not exhibit any burning or charring. 


The mass movement of hot gases involved in convective 
heating can produce similar increases in skin temperature. 


FIGURE 20.7.2.4 Diagram showing incident radiant heat 
flux effect on bare skin. 
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20.7.3 Medical Evidence (Inhalation). Like medical evidence 
concerning skin burns, medical evidence concerning inhala- 
tion exposure to toxic gases and heat can provide important 
information to the investigator to understand both the actions 
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of the injured individual as well as the fire environment to 
which the individual was exposed. 


20.7.3.1 Sublethal Inhalation Exposure Effects on the Indi- 
vidual. Much of the information provided in Section 20.5 is 
also relevant to injuries, and the reader is referred to that sec- 
tion for additional information. The discussion here is limited 
to effects specific to sublethal effects of narcotic gases [carbon 
monoxide, hydrogen cyanide, oxygen-depleted air (hypoxia) J, 
irritant gases (hydrogen chloride, acrolein, etc.), and smoke. 


20.7.3.1.1 Narcotic Gases. Carbon monoxide, hydrogen cya- 
nide, oxygen-depleted air (causing hypoxia) are all narcotic 
gases. Narcotic gases cause loss of alertness (intoxication), men- 
tal function, and psychomotor ability (the ability to carry out 
simple coordinated movements as are required in exiting a 
building). Carbon monoxide acts without the subject being 
aware of the extent of exposure and impairment. Hypoxia as a 
result of reduced oxygen concentration has a similar effect. Con- 
versely, while hydrogen cyanide will ultimately result in mental 
depression and unconsciousness just as other narcotic gases, the 
effects of HCN exposure are more rapid and dramatic. At suble- 
thal conditions, all these gases will reduce the ability of an indi- 
vidual to make decisions and carry out intended actions. 


20.7.3.1.2 Irritant Gases. Irritant gases can alert people to 
the presence of a fire, even at low concentrations. Because of 
the unpleasant aspects of irritation of the eyes and respiratory 
tract, individuals may become aware of a fire earlier than 
would otherwise be the case, and may be motivated to escape. 
As the irritant effects become more pronounced, irritancy can 
have a direct impact on the ability of individuals to see and in 
this way may interfere with exiting behaviors. Post-fire effects 
of these irritants can be lung edema and inflammation. 


20.7.3.1.3 Smoke. Visible products of combustion will impair 
the ability of individuals to see, and this in turn will reduce the 
speed of movement of escaping individuals. Sufficiently 
reduced visibility will cause individuals to not use an exit path. 
The extent of reduced visibility required to prevent the use of 
an exit path is dependent upon many factors, including the 
individual’s familiarity with the building. 


20.7.3.2 Hospital Tests and Documentation. Normally, upon 
hospital entry of a patient with fire-related injuries, a blood sam- 
ple should be taken and analyzed for percent saturation of car- 
boxyhemoglobin (percent of COHb), HCN concentration, 
blood alcohol, drugs, and blood pH to aid in the diagnosis and 
treatment of the individual. These measurements may be valu- 
able in assessing the conditions of the individual at the fire scene 
and the fire environment to which the individual was exposed. 
In particular the percent of COHb is a valuable indicator. How- 
ever, since the percent of COHb begins to be reduced as soon 
as the individual is removed from the fire environment, it is 
important that the blood sample be taken as soon as possible. 


The rate at which CO is eliminated from the body is depen- 
dent on the oxygen concentration of the inhaled air. The con- 
centration of CO in the blood will be decreased by one half 
(COHb half-life) in approximately 5 hours at normal air oxy- 
gen concentrations (21 percent by volume). COHb half-life is 
approximately 1 hour when a near 100 percent oxygen con- 
centration is administered during emergency medical treat- 
ment. Because treatment and time can significantly reduce 
the measured percentage of COHb, the time from fire expo- 
sure to sampling of the blood for analysis and the treatment of 
the individual with oxygen by ambulance and hospital caregiv- 


ers prior to sampling are important information, which the 
investigator should determine. 

Other information of importance to the fire investigator is the 
condition of the airways. The presence of soot or thermal dam- 
age in the upper airways provides information about the fire envi- 
ronment to which the individual was exposed. Lung edema and 
inflammation can be indications of exposure to irritant gases. 


20.7.4 Access to Medical Evidence. The fire investigator should 
be aware of the applicable legal protections regarding the confi- 
dentiality of medical records, and the appropriate methods for 
obtaining and safeguarding this confidential information. 


20.8 Mechanism of Inhalation Injuries. 


20.8.1 Elimination of CO by O,/Air. The carboxyhemoglobin 
level of a fire survivor begins to decrease as soon as the person 
is removed from the fire environment. The rate at which CO is 
eliminated from the body is dependent on the oxygen concen- 
tration of the air being breathed. The concentration of CO in 
the blood (COHb saturation) will be decreased by one-half 
(COHb half-life), for example, reducing COHb from 45 per- 
cent to 22 percent in 250 minutes to 320 minutes at ambient Og 
levels in air (21 percent). COHb half-life is approximately 60 
minutes to 90 minutes when a near 100 percent oxygen concen- 
tration is administered during emergency medical treatment. 
Hyperbaric oxygen treatment can reduce COHb half-life to 
approximately 30 minutes. 


20.8.2 Explosion-Related Injuries. The location and distribu- 
tion of explosion injuries to a victim can be useful in the 
reconstruction of the incident. These findings may indicate 
the location and activity of the victim at the time of the explo- 
sion, and they may help establish the location, orientation, 
energy, and function of the exploding mechanism or device. 
Explosion injuries can be divided into four categories based 
largely upon the explosion effect that caused them: blast pres- 
sure, shrapnel, thermal, and seismic. 


20.8.2.1 Blast Pressure Injuries. The concussive effect upon 
a victim can cause internal injuries to various organs and body 
systems such as the gastrointestinal tract, lungs, eardrums, and 
blood vessels. 

Frequently the blast pressure front is strong enough to vio- 
lently move or even propel the victim into solid objects, or con- 
versely, both low- and high-order damage (see Section 18.3) can 
violently move or propel large solid objects (walls, doors, etc.) 
into victims. These actions can cause blunt trauma injuries, 
fractures, lacerations, amputations, contusions, and abrasions. 

Dirt, sand, and other fine particles can be blasted into unpro- 
tected skin, causing a type of injury commonly called tattooing. 

With detonations, there may be violent amputations or dis- 
memberment of the body caused by the blast pressure wave. 
Parts of the body or its clothing may be propelled great dis- 
tances and should be searched for and documented. 


20.8.2.2 Shrapnel Injuries. Shrapnel (solid fragments) trav- 
eling at high speeds from the epicenter of an explosion can 
cause amputations, dismemberment, lacerations or perfora- 
tions resembling stab wounds, localized blunt trauma such as 
broken and crushed bones, and soft tissue damage. 


20.8.2.3 Thermal Injuries. Thermal injuries associated with 
explosion flame fronts (and not the following fires, which 
often accompany low-order explosions) are usually of the first- 
and second-degree types because of their very short duration. 
Third-degree burns can also be encountered in these situa- 
tions, but with much less frequency. These burns can be fatal. 
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Brief exposure to the high-temperature expanding flame 
front causes burn damage to the exposed skin surfaces. Often 
even a thin layer of clothing can protect the underlying skin 
from injury. Frequently, the burn injuries can be localized to 
the side of the body that is facing the expanding flame front. 
This finding can be used by the investigator as a heat and 
flame or explosion dynamics vector. Synthetic-fabric clothing 
may be melted by exposure to flash flames from deflagrations, 
where cotton fabrics may only be scorched. 


20.8.2.4 Seismic Effect Injuries. The seismic effects of explo- 
sions are most dangerously manifested in the collapse of build- 
ings and their structural elements. Injuries and deaths resulting 
from such occurrences are similar to what might be encoun- 
tered by building damage from blast pressure waves. 

Collapse of buildings can cause blunt trauma injuries, lac- 
erations, fractures, amputations, contusions, and abrasions. 

When examining victims of explosions, the investigator 
should take extreme care to scrutinize the body parts, clothing, 
and associated debris to find, document, and preserve items of 
evidence, such as clothing and any foreign objects found. 


Chapter 21 Appliances 


21.1 Scope. This chapter covers the analysis of appliances as 
it relates to the investigation of the cause of fires. The chapter 
concentrates on appliances as ignition sources for fires but, 
where applicable, also discusses appliances as ignition sources 
for explosions. This chapter assumes that the origin of the fire 
has been determined and that an appliance at the origin is sus- 
pected of being an ignition source. Until an adequate origin 
determination has been done, it is not recommended that any 
appliances be explored as a possible ignition source. 
Addressed in this chapter are appliance components, which 
are common to many appliances found in the home and busi- 
ness. Sections of this chapter also deal with specific but com- 
mon residential-type appliances and with how they function. 


21.2 Appliance Scene Recording. The material presented in 
Chapter 13 should be used where appropriate to record the 
scene involving an appliance. Material presented in this section 
is supplemental and has specific application to appliances. 


21.2.1 Recording Specific Appliances. Once a specific appli- 
ance(s) has been identified in the area of origin, it should be 
carefully examined before it is disturbed in any way. The appli- 
ance should be photographed in place from as many angles as 
possible. Photographs should be close-ups of the appliance as 
well as more distant photographs that will show the appliance 
relative to the area of origin, the nearest combustible mate- 
rial(s), and a readily identified reference point (e.g., window, 
doorway, piece of furniture). This reference point will greatly aid 
later reconstruction efforts in placing the exact location of the 
appliance at the time of the fire. Ifan appliance has been moved 
since the start of the fire, then the same photographs should be 
taken where it was found. If it can be established where the appli- 
ance was located at the time of the fire, such as by observing a 
protected area that matches the appliance base, or by talking to 
someone familiar with the fire scene prior to the fire, the appli- 
ance should be moved to its pre-fire location and the same pho- 
tographs taken. This movement by the investigator may not be 
done until all other necessary documentation is completed. 


21.2.2 Measurements of the Location of the Appliance. The 
scene should be photographed and diagrammed as described 
in Section 13.4. The location of the appliance within the area 
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of origin is particularly important. The investigator should take 
measurements that will establish the location of the appliance. 


21.2.3 Positions of Appliance Controls. Special attention in 
the photography and diagramming should be paid to the posi- 
tion of all controls (e.g., dials, switches, power settings, ther- 
mostat setting, valve position), position of movable parts (e.g., 
doors, vents), analog clock hand position, power supply (e.g., 
battery and ac house current), fuel supply, and any other item 
that would affect the operation of the appliance or indicate its 
condition at the time of the fire. 


21.2.4 Document Appliance Information. The manufacturer, 
model number, serial number, date of manufacture, warn- 
ings, recommendations, and any other data or labels located 
on the appliance should be documented. This information 
should be photographed, and notes should be taken, as these 
items may be difficult to photograph. Having notes will ensure 
that this valuable information is preserved. (See Chapter 13 for 
additional information.) It is frequently necessary to move the 
appliance to obtain these data, and this should be done with 
minimal disturbance to the appliance and to the remainder of 
the fire scene. In no case should the appliance be moved prior 
to completion of the actions in 21.2.3. 


21.2.5 Gathering All of the Parts from the Appliance. Where 
the appliance has been damaged by the fire or suppression 
activities, every effort should be made to gather all of the parts 
from the appliance and keep them together. After exposure to 
fire, many of the components may be brittle and may disinte- 
grate with handling, which is why it is important to document 
their conditions at this point. Where it is considered helpful 
and will not result in significant damage to the remains of the 
appliance, some reconstruction of the parts may be done for 
documentation and analysis purposes. This could include 
replacing detached parts and moving the appliance to its orig- 
inal location and position. Attempting to operate or test an 
appliance should not be done during the fire scene examina- 
tion, as this may further damage the appliance, possibly 
destroying the critical clues within the appliance and its com- 
ponents. All testing at this point should be strictly nondestruc- 
tive and only for the purpose of gathering data on the 
condition of the appliance after the fire. Examples of nonde- 
structive testing include using a volt/ohmmeter to check resis- 
tance or continuity of appliance circuits. 


21.3 Origin Analysis Involving Appliances. Chapter 4 and 
Chapter 15 deal with determining the origin of a fire in greater 
detail. The additional techniques and methodology presented 
here should be utilized when a fire involves an appliance. This 
is the case when the fire is confined to the appliance or when it 
is thought that a fire started by the appliance spread to involve 
other contents of the room. 


21.3.1 Relationship of the Appliance to the Origin. It should 
be established that the appliance in question was in the area 
of origin. Those appliances that were clearly located outside 
the area of origin generally can be excluded as fire causes. In 
some cases, an appliance(s) remote from the area of origin 
may have something to do with the cause of the fire and 
should be included in the investigation. Examples of these are 
the use of an extension cord or the presence of a standing 
pilot on a gas appliance. Where doubt exists as to the area of 
origin, it should be classified as undetermined. When the ori- 
gin is undetermined, the investigator should examine and 
document the appliances in any suspected areas of origin. 
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21.3.2 Fire Patterns. Fire patterns should be used carefully in 
establishing an appliance at the point of origin. Definite and 
unambiguous fire patterns help to show that the appliance was 
at the point of origin. Other causes of these patterns should be 
eliminated. The degree of damage to the appliance may or 
may not be an adequate indication of origin. Where the over- 
all relative damage to the scene is light to moderate and the 
damage to the appliance is severe, then this may be an indica- 
tor of the origin. However, if there is widespread severe dam- 
age, other causes such as drop down, fuel load (i.e., fuel gas 
leak), ventilation, and other effects should be considered and 
eliminated. If the degree of damage to the appliance is not 
appreciably greater than the rest of the fire origin, then the 
appliance should not be chosen solely by virtue of its presence. 


21.3.3 Plastic Appliance Components. Appliances that are 
constructed of plastic materials may be found at the fire scene 
with severe damage. The appliance may be severely distorted 
or deformed, or the combustible material may be burned away, 
leaving only wire and other metallic components. This condi- 
tion of an appliance in and of itself is not an adequate indicator 
of the point of origin. This is especially true where there was 
sufficient energy from the fire in the room to cause this dam- 
age by radiant heating and ignition. Conditions approaching 
at, or following, flashover can have sufficient energy to pro- 
duce these effects some distance from the point of origin. 


21.3.4 Reconstruction of the Area of Origin. Reconstruction 
of the area of origin may be necessary to locate and document 
those patterns and indicators that the investigator will be using 
to establish the area of origin. As much of the material from 
the appliance as possible should be returned to its original 
location and then recorded with photographs and a diagram. 
The help of a person familiar with the scene prior to the fire 
may be necessary. 


21.4 Cause Analysis Involving Appliances. The material pre- 
sented in Chapter 16 should be used where appropriate to 
analyze an appliance that may have caused a fire. Material pre- 
sented in this section is supplemental or has specific applica- 
tion to appliances. 


21.4.1 How the Appliance Generated Heat. Before it can be 
concluded that a particular appliance has caused the fire, it 
should first be established how the appliance generated suffi- 
cient heat energy to cause ignition. The type of appliance will 
dictate whether this heat is possible under normal operating 
conditions or as a result of abnormal conditions. The next step 
is to determine the first material ignited and how ignition took 
place. The most likely ignition scenario(s) will remain after less 
likely or impossible ignition scenarios have been eliminated. If 
no likely ignition scenario exists, either accidental or inten- 
tional, then the cause should be classified as undetermined. 

Patterns on the appliance may indicate the source of the 
ignition energy. However, hot spots or other burn patterns 
may be the result of other factors not related to the cause and 
need to be carefully considered. Patterns on nearby surfaces 
may provide information on the ignition source. 


21.4.2 The Use and Design of the Appliance. The use and 
operation of an appliance should be well understood before it 
is identified as the fire cause. Some appliances are simple or 
very familiar to fire investigators and may not require in-depth 
study. However, appliance design can be changed by the man- 
ufacturer, or an appliance can be damaged or altered by the 
user, and, therefore, each appliance warrants investigation. 
More complicated appliances may require the help of special- 


ized personnel to gain a full understanding of how they work 
and how they could generate sufficient energy for ignition. 


21.4.3 Electrical Appliances as Ignition Sources. Many appli- 
ances use electricity as the power source, and electricity 
should be considered as a possible source for ignition. The 
material presented in Chapter 16 should be carefully consid- 
ered and applied in this situation. Only under a specific set of 
conditions can sufficient heat be generated by electricity as a 
result of an overload or fault within or by an appliance and 
subsequently cause ignition. 


21.4.4 Photographing Appliance Disassembly. When it is neces- 
sary to disassemble an appliance (or its remains) recovered 
from a fire scene, each step should be documented by photog- 
raphy. (See 14. 10.1.) This is done to establish that the investiga- 
tor did not haphazardly pull the artifact apart, causing pieces 
to be further damaged or lost. The documentation should 
show the artifact at the start and at each stage of disassembly, 
from multiple angles if possible, keeping careful track of loose 
pieces. Some investigators find it helpful to videotape this pro- 
cess. The investigator should have at least one specific reason 
for disassembling an artifact, and once an answer has been 
found, the disassembly process should stop. When an artifact 
cannot be easily disassembled or if the disassembly would be 
too destructive, the use of X-rays should be considered. 


21.4.5 Obtaining Exemplar Appliances. To understand an 
appliance more fully, to test its operation, or to explore failure 
mechanisms, the investigator may need to obtain an exact 
duplicate (i.e., an exemplar). For this, the model and serial 
numbers may be required, and the manufacturer may need to 
be contacted to determine the history of this appliance. It may 
be that the manufacturer does not make the particular appli- 
ance any more or has changed it in some way. The investigator 
will need to determine whether the exemplar located is similar 
enough to the artifact to be useful. 


21.4.6 Testing Exemplar Appliances. Exemplar appliances can 
be operated and tested to establish the validity of the proposed 
ignition scenario. If the ignition scenario requires the failure or 
malfunction of one or more appliance components, this can 
also be tested for validity on the exemplar. Where extensive or 
repeated testing is foreseen, the investigator will probably need 
more than one exemplar. The testing should show not just that 
the appliance is capable of generating heat, but that such heat 
is of sufficient magnitude and duration to ignite combustible 
material. 


21.5 Appliance Components. Appliances are diverse in what 
they do and how they are constructed. Therefore, this section 
will provide a description of each of the common parts or com- 
ponents that might be found in various appliances. Where 
information is given in later sections about particular appli- 
ances, there will be references to the components that are 
used in those appliances. 


21.5.1 Appliance Housings. Housings of appliances can be 
made of various materials. The nature of these materials can 
affect what happens to the appliances during fires and what 
the remains will look like after a fire. Most housings are made 
of metal or plastic, but other materials such as wood, glass, or 
ceramics might be found also. 

Many appliances utilize painted steel finishes. This typically 
includes refrigerators, dryers, fluorescent fixtures, baseboard 
heaters, and the like. 
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Care should be exercised when evaluating heat damage 
patterns on painted steel surfaces. Many paints darken with 
heat exposure. Additional or greater heat exposure can cause 
some heat darkened painted surfaces to lighten in color. Fur- 
ther heat exposure may cause the paint to decompose to a 
gray or white powder. This gray or white powder can be dis- 
turbed or removed by fire fighting, handling, or by the forma- 
tion of rust. An apparently lighter surface color may reflect 
more thermal damage than a darker area. 


21.5.1.1* Steel. Steel is used for the housings of many appli- 
ances because of its strength, durability, and ease of forming. 
Stainless steel is used where high luster and resistance to rust- 
ing is needed, such as in kitchen appliances or wherever 
appearance and sanitation are important. Other types of steel 
may be used and coated with plastic or enamel to achieve the 
desired appearance. Galvanized steel may be used where resis- 
tance to rusting is needed but appearance is not important, 
such as inside a washing machine. 

Steel will not melt in fires except under very unusual cir- 
cumstances of extremely high temperatures for extended 
times. Ordinarily, steel will be oxidized by fires, and the sur- 
face will be a dull blue-gray. The brown rust color does not 
appear until the steel item has been wet long enough to rust. 
When steel is deeply oxidized by long exposure in a fire, the 
oxide layer often will be thick enough to flake off. In severe 
cases, the flaking off may go through the steel and create a 
hole. In fires of short duration, the surfaces of polished or 
plated steel can show various color fringes, depending on the 
degree of heating. After a fire, bare galvanized steel will have 
a whitish coating from oxidation of the zinc. Often, the sur- 
faces of steel housings will have a mottled appearance ranging 
from blue-gray to rust to white to black to reddish. The odd 
colors are usually from residues of decorative or protective 
coatings on the steel in addition to the oxides. The particular 
colors and the patterns depend on many factors, and not 
much importance should be put on the color and patterns 
without substantiating evidence. 

On rare occasions, a steel housing may be found with a 
hole made by alloying with zinc or aluminum. Most of the 
time, when one of these metals drips onto steel during a fire, 
the surface oxides keep the metals separated. During a long 
fire, the molten metal might penetrate the oxide layers and 
alloy with the steel. If there is need to know the cause of the 
hole, analysis of the steel at the edge of the hole would show 
alloying elements or absence of them. 

A steel housing does not necessarily keep internal compo- 
nents from reaching very high temperatures. If a closed steel 
box is exposed to a vigorous fire for a long enough time, the 
inside of the box can become hot enough to cook materials, 
to gray ashes, or to melt copper. 


21.5.1.2 Aluminum. Aluminum housings are commonly made 
from formed sheets or castings. Extruded pieces might be 
found on or in the appliance as trim or supports for other com- 
ponents. Aluminum has a fairly low melting temperature of 
1220°F (660°C) if pure; alloys melt at slightly lower tempera- 
tures. The extent of damage to the aluminum housing can indi- 
cate the severity of the fire or heat source at that point. 


21.5.1.3 Other Metals. Other metals, such as zinc or brass, 
might be used in housings. They would be likely to be just dec- 
orative pieces or to be supports for other components. Zinc 
melts at the relatively low temperature of 786°F (419°C) and 
so is almost always found as a lump of gray metal. Brass is used 
in many electrical terminals. Brasses have ranges of melting 
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temperatures in the neighborhood of 1740°F (950°C). Brass 
items are often found to be partly melted or just distorted after 
a fire. Because it is an alloy, brass softens over a range of tem- 
peratures rather than melting at a specific temperature. 


21.5.1.4 Plastic. Plastic housings are used increasingly for a 
wide range of appliances that do not operate at high tempera- 
tures. Most plastics are made of carbon plus some other ele- 
ments. Some plastics melt at low temperatures and then char 
and decompose at higher temperatures. Others do not melt but 
do char and decompose at higher temperatures. Nearly all plas- 
tics can form char when heated and will burn in existing fires. 
Many kinds of plastics will continue to burn by themselves if 
ignited. Other plastics will not continue to burn from a small 
ignition source at room temperature because of their chemical 
compositions or because of added fire retardants. Many plastic 
housings of recent manufacture have considerable fire retardant 
added, and they usually will not continue to burn from a small 
source of ignition. Each appliance in question would need to be 
checked for ease of burning of the plastic. In some cases, that 
check can be done by qualified personnel if enough of the mate- 
rial remains or if the identical appliance can be obtained. 

After a brief fire, the plastic housing of an appliance may 
be melted and partially charred. If the pattern of damage 
shows that the heat source was inside, further examination of 
the remains is warranted. The plastics might show instead that 
the heat was from the outside and that the inside is less heated 
than the exterior. If the plastic housing has melted down to a 
partly charred mass, X-ray pictures can reveal encapsulated 
metal parts and wires. When a plastic housing has been mostly 
melted and burned by exterior fire, the underside of the appli- 
ance might still be intact or a metal base plate unheated. 

When a fire is severe, all plastics might be consumed. Total 
consumption of the plastic does not by itself indicate that the 
fire started in the appliance. 

Phenolic plastics are used for certain parts that must have 
resistance to heat, such as coffee pot handles and circuit 
breaker cases. Phenolics do not melt and will not burn by them- 
selves. They can be consumed to a gray ash in a sustained fire. 
When a device that has been made with a molded phenolic 
body is moderately heated, the gray ash might be just a thin 
layer on the outside. Gray ash on the inside surfaces with little 
or no gray ash on the exterior may indicate internal heating. 

When portions of an appliance melt and resolidify as a 
result of a fire, the direction of flow of the material can indi- 
cate the orientation of the appliance at the time that the 
melted component material cooled. 


21.5.1.5 Wood. Wood still has occasional use in appliance 
housings. Wood can be fully consumed in a fire or can show a 
pattern of burning when only partly consumed. The pattern 
can help to show whether the fire came from inside or outside 
of the appliance. 


21.5.1.6 Glass. Glass is used for transparent covers and doors 
on appliances. Glass might also be used in some decorations. 
Glass readily cracks when heated nonuniformly and can soften 
and sag or drip. Flame temperatures are higher than the soften- 
ing temperatures of glass, so the degree of softening of glass is 
more a function of duration and continuity of exposure than of 
fire temperature. 


21.5.1.7 Ceramics. Ceramics may be used for some novelty 
housings and are used as supports for some electrical compo- 
nents. Ceramics do not melt in fires, but a decorative glaze on 
them could melt. 
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21.5.2 Power Sources. Power sources for common appliances 
are usually the alternating current that is supplied by the 
power companies. There are a few other sources that will be 
considered. This section will not include voltages higher than 
240 or three-phase power. For more detailed information on 
electrical power and devices, see Chapter 6. 


21.5.2.1 Power Cords. Power companies in the United States 
supply electrical power at 60 Hz and 120/240 V ac (often called 
110/220 V). Most appliances are designed to operate by plug- 
ging them into a 120 V outlet. Appliances that require more 
power, such as ranges and water heaters, operate at 240 V from 
the same electrical system in the structure. 


Electrical cords that carry power to the appliance may be 
made of two or three conductors. The conductors are 
stranded to provide good flexibility. Some double insulated 
appliances and most appliances made before 1962 had only 
two-conductor cords. Newer large appliances usually have 
three-conductor cords with the third conductor for grounding 
as a safety feature. The stranded conductors of cords usually 
survive fires, but the remains will usually be embrittled if the 
insulation was burned away during the fire. Careless handling 
of brittle stranded conductors can cause them to break apart. 
Cords should be checked for arcing damage. See Chapter 6 
for information on electrical conductors and damage to them. 


Plugs for connecting the power cord to the outlet have 
somewhat different designs, depending on the amperage of 
the appliance. Plugs made prior to 1987 for 20 A or less were 
two straight prongs of the same width. Newer plugs have the 
neutral prong wider than the “hot” prong. The plug may have 
a third prong for grounding. Factory-made plugs have the con- 
ductors attached to the prongs inside a molded plastic body. 
That body may melt or be entirely burned away in a fire. The 
conductors and brass prongs will usually survive a fire, but 
sometimes the brass parts may be melted. After a fire with only 
minor burning near the plug, the face of the plug will be nearly 
unheated because of being protected against the receptacle. 
That finding can show that the appliance was plugged in. Also, 
even after a more severe fire, the prongs may be less oxidized 
where they were protected in the receptacle during the fire. 


Plugs for higher voltages or amperages will have larger 
prongs and different positioning. 


21.5.2.2 Voltages Less than 120. Many appliances that plug 
into a wall receptacle actually operate at 6, 12, or other volt- 
ages less than 120 V. Normally, a step-down transformer is 
used to produce the lower voltage. The transformer will usu- 
ally be part of the appliance, but sometimes it is a separate unit 
that plugs directly into the receptacle and feeds the appliance 
with a thin two-wire cord. Shorting of wiring at 6 V is not likely 
to cause a fire, but it can do so under circumstances where the 
energy (i.e., heat) can be concentrated in a small area close to 
a combustible material. 


21.5.2.3 Batteries. Batteries are used for portable appliances 
and some security devices. Batteries can range from car batter- 
ies to common dry cells to small button batteries for cameras 
and watches. Batteries provide about 1.5 V of direct current. 
Batteries of 6 V or 9 V are actually made of four or six dry cells, 
respectively, in one package. 

Remains of batteries that were present in an appliance can usu- 
ally be found after a fire. They usually will be damaged too much 
to indicate whether they provided power for ignition. However, 
what they were connected to could be important. One battery can 
provide enough power to ignite some materials under certain 


conditions. In most battery-powered devices, though, the normal 
circuitry will prevent the energy of the battery from being suffi- 
ciently concentrated at one spot at one time to get ignition. 


21.5.2.4 Overcurrent Protection. Protection against exces- 
sive, damaging current is provided by fuses or circuit breakers 
in many appliances. After a minor fire, the remains of the pro- 
tective device might show whether it operated. After a severe 
fire, the metal parts of the protective device might be found to 
show at least that it was present. 


The fusing element in a fuse can be one of several metals. 
In all fuses, the element has the proper cross section and elec- 
trical resistance for the temperature to rise to the melting 
point if current exceeds a specific level for a specified dura- 
tion. If the excess current is moderate (e.g., less than twice the 
rating), the fuse element will melt without vaporizing. If the 
current is very high, as with a dead short, the element will usu- 
ally partly vaporize to give an opaque deposit on a window or 
glass tube of the fuse. 

Most circuit breakers operate thermally or magnetically, 
depending on the level of overcurrent. Above a specific current 
level, a bimetal strip deflects enough to let a spring pull the con- 
tacts apart. With an instantaneous high current, such as with a 
dead short, the magnetic field pulls the mechanism so that the 
contacts open. A circuit breaker that is in a fire environment can 
trip as the internal mechanism comes up to the activating tem- 
perature. Circuit breakers in appliances have a reset button. 


21.5.3 Switches. Switches are used to turn appliances on or 
off and to change the operating conditions. Switches are 
found in a wide range of sizes, types, and modes of operation. 
Examination of switches after a fire can determine whether 
the appliance was on or off or other aspects of its operation. 
The remains of switches might be very delicate. Other than 
noting and documenting the positions of knobs, levers, or 
shafts or checking electrical continuity in place, it is recom- 
mended that the investigator not open, operate, or disassem- 
ble any switches. That job should be left to someone with 
technical expertise. (See 14. 10.1.) 


21.5.3.1 Manual Switches. Many switches are intended for the 
user to operate. These include on-off switches and those to 
change functions, wattage, or other features of the appliance. 
The design of the switches can include moving lever (e.g., tog- 
gle), push button, turning knob, or sliding knob. They have 
metal parts that can be examined after a fire. Where lightly 
damaged, the switch might still electrically test on or off or show 
which position it was in. Where severely damaged, the remains 
might show only whether the contacts were welded together. 
Switches will create a parting arc when they open. Therefore, 
apparent damage to the switch surface may be normal. 
Electronic switches in many appliances may be too damaged 
by even minor fires to determine their pre-fire position or 
whether they malfunctioned. Examples of those switches include 
touch pads on microwave ovens and remote-controlled TVs. 


21.5.3.2 Automatic Switches. Many switches in appliances are 
automatic and are not intended for the user to operate. Those 
switches generally keep the appliance operating within its 
design parameters and prevent unsafe operation. Those kinds 
of switches may be operated by electrical current, tempera- 
ture, or motion. 


21.5.3.2.1 Fuses and Circuit Breakers. Fuses and circuit breakers 
are automatic switches that operate by overcurrent. Circuit break- 
ers can be reset, but fuses and fusible links need to be replaced. 
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21.5.3.2.2 Temperature Switches. Automatic switches that 
operate by temperature and are intended to keep the appli- 
ance operating within certain temperature limits are called 
thermostats. Automatic switches that are intended to prevent 
the appliance from exceeding certain parameters are called 
cutoffs, limit switches, or safeties. 

Switches that operate by temperature can be based on 
expanding metal, bimetal bending, fluid pressure, or melting. 
These switches are usually used to prevent an appliance from 
operating outside a fixed range of temperatures or to prevent 
it from exceeding a set temperature (cutoff switches). They 
ordinarily have enough metal parts to be recognizable after a 
severe fire, although it may not be possible to determine 
whether the switch was functional at the time of the fire. 

A few switches use expanding metal, where a long rod is 
positioned in the warm area. If that area becomes too hot, the 
rod expands and pushes contacts open. More common is the 
bimetal type, where two dissimilar metals are bonded together 
in a flat piece. One metal expands more than the other with 
increasing temperature, so while the temperature rises, the 
piece bends. That motion can open contacts to turn off the 
appliance. These switches are slow make-break, which is more 
likely to cause either erosion or welding of the contacts. After 
a severe fire, the bimetal may be bent far out of position, which 
is a result of heating from the fire and does not indicate a 
defective thermostat. 

A bimetal disc operates on differential expansion, but the 
disc snaps from a dish shape in one direction to a dish in the 
other direction. The edge of the circular disc is fixed, and so 
the center snaps back or forth at particular temperatures to 
open or close the contacts. 

Some switches operate by expansion of a fluid in a bulb that 
is located in the hot area. The pressure of that fluid is passed 
to bellows, often back at a control panel, through a metal tube, 
commonly copper. The bellows push open the contacts. 

These various mechanical switches can be arranged either 
to open contacts so as to shut the appliance off, or to close con- 
tacts so as to turn something else on, such as a cooling fan, that 
will counter the high temperature. High-temperature cutoff 
switches may be present in an appliance, but they should not 
open the circuit except when the temperature becomes too 
high in the appliance. The contacts of switches should be 
examined by competent persons. If contacts in cutoffs are 
eroded by arcing from repeated opening, that can indicate that 
the appliance was operating in an overheated condition for an 
extended time, which may indicate a defect in the appliance. 

Mechanical switches can fail by overloads, which overheat 
certain internal parts, or by welding of the contacts. The latter 
can happen at normal currents as slow make-and-break con- 
tacts pass current without being firmly in contact. Poor con- 
nections internally, such as where wiring is attached or where 
brass parts are riveted, can cause destructive heating and fail- 
ure of the switch. The faces of contacts of thermostats will nor- 
mally be somewhat pitted because they open and close 
frequently. Faces of contacts in devices used as safety cutoffs 
should not be significantly pitted, because the devices should 
not operate except when there is overheating. 

The contacts of a switch are more subject to surface pitting, 
erosion, and possibly welding when they slowly open and close. 
For that reason, most switches, especially for carrying substan- 
tial currents, are made to snap open or closed. That can be 
accomplished with a bimetal disc, a flat spring, or a magnet. 
When welded contacts are found after a fire, that fact does not 
by itself prove that failure of the switch caused the fire. Heat 
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damage in the appliance could have caused a current surge if 
power were still available. Electrically welded contacts will have 
normal shapes, but the faces will be stuck together. If the con- 
tacts are found melted together into one lump, the cause is 
more likely to be severe fire exposure. The contacts are made 
of metals that have melting temperatures lower than that of 
copper, and they may melt together from fire exposure. 

There are some cutoff devices that operate by internal 
melting of a material, which lets a spring push the contacts 
open. These are single-use devices that should be replaced if 
they operate, although they are sometimes deliberately 
bypassed, allowing the appliance to operate without protec- 
tion. The appliance should be checked to verify the presence 
of such a device, and the device should be checked for signs of 
tampering or a history of previous replacement. 

Many appliances have switches that operate from motion of 
some part of the appliance. Limit switches on appliances that 
have moving parts are intended to keep the part from moving 
too far. Forced-air furnaces may have a switch that operates by 
airflow pushing a vane up to allow the furnace to continue. 
Major appliances often have door switches, either to turn the 
appliance off as the door is opened, or to turn a light on. Motors 
in major appliances can usually have a centrifugal switch to dis- 
engage the starting winding as the motor comes up to speed. 
Those switches also may control a heating circuit so as not to 
allow heating unless the motor is running. As with all switches 
that operate from some mechanical action, these switches can 
fail to operate if the components that they depend on become 
misaligned or if the switch comes loose in its holder. 

Many portable electric heaters have a tip-over switch that 
often is built into the thermostat. The switch has a weighted 
arm that hangs down and opens the contacts if the appliance 
is tipped so that the arm is not in its normal position. 


21.5.4 Solenoids and Relays. Solenoids and relays are used 
in appliances to control a high-power circuit with one of lower 
power and often of low voltage. Activation of the low-power 
circuit energizes a coil or an electromagnet that causes an iron 
shaft or lever to move. That motion opens or closes the high- 
power circuit. Remains of solenoids or relays normally remain 
after a fire. Severe damage might make it impossible to deter- 
mine whether they were operational or which position they 
were in at the time of the fire. The contacts should be exam- 
ined to find whether they were stuck together during the fire. 


21.5.5 Transformers. Transformers are used to reduce volt- 
ages from the normal 120 V and to isolate the rest of the appli- 
ance from the supply circuit. Some transformers are energized 
whenever the appliance is plugged in, so that the primary 
windings are always being heated by some amount of current. 
In other appliances, the transformer is not energized until the 
switch is turned on. The appliance is designed to keep heating 
of the transformer at a minimum under normal electrical 
loads. However, with long-term use, and if ventilation of the 
appliance is restricted, the temperature may increase and 
deteriorate the windings. As windings begin to short to each 
other, the impedance drops and more current flows, causing 
greater heating. That can lead to severe heating before the 
windings either fail by melting the wire or create a ground 
fault that could open the circuit protection. In some cases, the 
heated insulation or other combustibles in or on the trans- 
former might be ignited before the electrical heating stops. 
Appliance transformers are usually made of steel cores and 
copper windings, both of which will survive fires even when 
severely heated. Examination of a transformer from a burned 
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appliance might show that the interior windings are less 
heated and might even be of bright copper color. That finding 
shows that the heating was external and not from the trans- 
former itself. A transformer from a severely burned appliance 
might have the windings baked to where they have the appear- 
ance of oxidized copper, with no surviving insulation down to 
the core. The remains of the windings would be somewhat 
loose on the core. That can happen from long exposure in any 
fire and does not prove that the windings overheated and 
caused the fire. Overheating of the windings can be deter- 
mined when there is a clear pattern of internal heating, arcing 
turn to turn, and a pattern of fire travel out from that source. 
It is possible for a transformer to overheat even when pro- 
tected by a fuse, because the fuse should have a sufficient elec- 
trical rating to carry the operating currents plus a safety factor. 

Some transformers may be totally enclosed in steel and 
would not be likely to be able to ignite adjacent combustibles 
before being turned off by protection or internal failure. 
Other transformers are open and often have paper and plas- 
tics, which can be ignited, in their construction. 

Fluorescent light ballasts are essentially transformers. The 
ballasts in indoor fixtures made after 1978 are required to 
have thermal protection. After 1990, thermal protection was 
required in ballasts for all fluorescent light fixtures (indoor 
and outdoor). This is indicated by a Pon the label or stamped 
into the metal case. The pitch or potting compound from 
inside of the ballast will usually ooze out, either from internal 
heating or from fire exposure. Ballasts are usually enclosed in 
a steel body of the fixture. Any pitch that oozes out from inter- 
nal heating of the ballast will mostly be caught in the enclo- 
sure. Pitch that does drip out of the fixture will not ignite 
other materials unless the pitch is already burning. 


21.5.6 Motors. Motors are common in appliances to provide 
mechanical action. They generally range from !/s hp to !/4 hp 
motors in washing machines or other large appliances to tiny 
motors in small devices. Most common motors are designed to 
operate at certain speeds. If the rotor is stopped while the motor 
is still energized, the impedance falls, and current flow increases. 
That can cause the motor windings to get hot enough to ignite 
the insulation and any plastics that are part of the construction. 

Motors often have protection built into them that is 
intended to stop the current if the temperature gets too high 
for safe operation. That protection can be in the form of a fuse 
link, a single-acting thermal cutoff (TCO), a self-resetting 
thermal protector, or a manual resettable thermal protector. 
Some motors have both a resettable thermal protector and a 
single-acting TCO in them. A suspected motor and any protec- 
tive device should be examined by competent personnel 
before deciding whether the motor caused the fire. 

Windings of motors can be examined to find whether they 
are relatively unheated inside, which would indicate that heat- 
ing came from the outside. If the windings are thoroughly 
baked, with oxidized strands all through, but materials around 
the motor are not so thoroughly heated, that indicates that the 
windings overheated. If there is much fire around the motor, 
the windings are likely to be thoroughly baked, whether the 
fire started in the motor or not. 

Small motors that drive cooling fans or other devices are 
usually not sources of ignition. They do not have enough 
torque to generate much heat by friction. Some small motors 
are enclosed in metal cases, making ignition by internal heat- 
ing unlikely. Shaded pole motors are often of open construc- 
tion and could ignite combustibles that are in contact with 
them, if the windings get hot enough. 


21.5.7 Heating Elements. Heating elements can be expected 
to get hot enough to ignite combustibles if the combustibles 
are in contact with the element. The design and construction 
of the appliance will usually keep combustibles away from the 
element. An exception is in cooking appliances, where the hot 
element is exposed for use. Elements can be sheathed, as is 
found in ovens and ranges, or they can be open wires that can 
get orange-hot during use. Open heating elements are usually 
wires or ribbons made from a nickel-chromium-iron alloy. 
Those that are designed to operate at glowing temperatures 
will get a dull gray surface oxide layer. In some appliances, a 
fan removes heat from the element fast enough to keep it 
from glowing. Those heating elements might retain their 
bright shiny surfaces after much use. 

When a wire element burns out, the ends at the break 
might be left dangling. An end could contact the grounded 
metal of the appliance and form a new circuit. Depending on 
how much resistance was left in the segment of the element, 
the contact ground fault could allow the appliance to con- 
tinue to function, to overheat, or to open the protection. 

Sheathed elements consist of a resistance wire surrounded by 
an insulator (e.g., magnesium oxide) and encased in a metal 
sheath. The sheath is usually made from steel, but many base- 
board or other space heaters have sheaths made from alumi- 
num. Melting of an aluminum sheath is more likely to be a result 
of external fire than of internal heating; however, if melting and 
heating of the sheath, cooling fans, or adjacent materials show a 
clear pattern of coming from the element, that is good evidence 
that the element overheated. The element can be tested for elec- 
trical continuity and resistance. A burned-out element might 
indicate overheating or it might be simply old age. X-rays can 
assist in diagnosing the internal condition of the element. 

A few electrical heaters have failed by ground faulting 
between the element and the sheath through the insulation, 
leaving characteristic eruptions of melted metal at various points 
along the sheath. Although heaters are normally designed so 
that no combustible materials are easily ignited by the element, 
the spatter from such arcing might ignite close combustibles if 
the spatters get through the protective grille. 


21.5.8 Lighting. Lighting is used in many appliances to illumi- 
nate dials, work areas, or internal cavities. Lights are normally of 
low wattage and are not likely to be able to ignite anything ordi- 
narily in or on the appliance. Most lighting will be incandescent, 
but fluorescent lights may be used to illuminate work spaces on 
the appliance. Fluorescent lights have ballasts (essentially a trans- 
former) that can overheat. However, except for old ones, they 
have thermal protection and are usually enclosed in the appli- 
ance, where they are not likely to ignite anything. Fluorescent 
lamp tubes do not normally become hot enough to ignite adja- 
cent combustibles, but some incandescent lamps may get hot 
enough to ignite combustibles that they touch. 


21.5.9 Miscellaneous Components. There are miscellaneous 
devices, such as dimmers and speed controllers, that might be 
found as components of appliances. Generally, many of these 
devices are now solid state, fully electronic. Older appliances may 
contain nonelectronic devices, such as rheostats or wire resistors. 
Electronic components are usually destroyed by fire unless the 
fire was brief. In most cases, the remains of dimmers or other 
electronic devices using printed circuit boards will not be helpful 
in finding the cause because of their susceptibility to fire damage. 

Timers can be built in or can be used as separate devices. 
They are driven by small clock motors with mechanical actua- 
tion of switches. Remains of any timers that were present can 
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usually be found after a fire, but they may be badly damaged. 
Small timer motors last a long time and will not overheat to 
cause a fire. Failure of the timers is usually caused by the gears 
wearing out or loosing teeth. Electronic timers may not leave 
recognizable remains after being heated by fire. 


Thermocouples are used to measure temperature differ- 
ences. They function by creating a voltage at a junction of dis- 
similar metals, which is compared to the rest of the circuit or 
to a reference junction. The temperatures can be read on 
meters or on digital devices. 


A thermopile is a series of thermocouples arranged so that 
the voltages at the series of junctions add to a large enough volt- 
age to operate an electromagnet. Thermopiles have been used 
in gas appliances to keep a valve open when the pilot flame is 
burning but to let the valve close if the pilot flame is out. Newer 
gas appliances use electric igniters instead of standing pilots. 


21.6 Common Residential Appliances. A brief description of 
the operation and components of common residential appli- 
ances is provided to assist the investigator in understanding 
how these appliances work. 


21.6.1 Range or Oven. The heat is provided either by elec- 
tricity passing through resistance heating coils or by burning 
natural gas or propane. In the oven, the interior temperature 
is controlled by a thermostat and a valve or switch on the fuel 
or power supply. On a gas range, the fuel flow rate and heat 
intensity is usually controlled with the burner fuel supply 
valve. An electric range typically utilizes a timing device that 
controls the cycling time of the burner. This device is manu- 
ally adjusted so that a high setting results in the longest (pos- 
sibly continuous) on cycle. Ignition of the fuel gas in a gas 
range or oven may be by a standing pilot flame or by an elec- 
trical device that produces an arc for ignition. 


21.6.2 Coffee Makers. The coffee maker design popular for 
home use consists of a water reservoir, heating tube, carafe, and 
housing. When started, the heating tube boils the water flowing 
through it from the reservoir. This boiling forces hot water to 
the area where the ground coffee is kept in a filter, and the cof- 
fee then drips into the carafe. The carafe in many designs sits 
on a warming plate. The warming plate is usually heated by the 
same resistance heater that heats the heating tube. The resis- 
tance heater is controlled by a thermostat that cycles it off when 
it reaches the upper limit of the thermostat. The heater will 
cycle on once it has cooled to a point determined by the ther- 
mostat. To prevent overheating by the heater, a thermal cutoff 
may be employed. If the maximum temperature of the TCO is 
reached, it is designed to open the heater circuit and prevent 
further heating. Some coffee maker designs may include multi- 
ple TCOs, automatic timing circuits that turn the coffee maker 
off after a fixed period, or a clock or automatic brew mode that 
turns the coffee maker on at a preset time. The TCO(s) should 
be checked to determine whether it has been bypassed. 


21.6.3 Toaster. The toaster uses electrical resistance heaters 
to warm or toast food. It is a relatively simple appliance that uti- 
lizes an adjustable sensor to control the on time. By pushing 
down a lever, the food is lowered on a tray into the toaster, and 
the heaters are turned on. The sensor is usually a bimetal strip 
that might sense the temperature in the toaster, but more com- 
monly the bimetal has its own heater and is nearly independent 
of the temperature in the toaster. At the conclusion of the heat- 
ing cycle, a mechanical latch partly releases the tray and turns 
off the bimetal heater. As the bimetal cools, a second latch fully 
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releases the tray, which then lifts the food. Some newer designs 
use an electronic timer that controls an electromagnetic latch. 


21.6.4 Electric Can Opener. The electric can opener uses an 
electric motor to turn a can under a cutting wheel to open the 
can. Generally they will run only when a lever is manually held 
down. This seats and holds the cutting wheel in place and closes 
the power switch to the motor. The electric motor may or may 
not be protected against overheating by a thermal cutoff switch. 


21.6.5 Refrigerator. The common refrigerator and freezer 
utilizes a refrigeration cycle and ventilation system to keep the 
inside compartment at suitable temperatures. The refrigera- 
tion system consists of an evaporator (i.e., heat exchanger in 
the compartment), a condenser (i.e., heat exchanger outside 
the compartment), a compressor, a heat exchange medium 
(typically a fluorocarbon or Freon®), and tubing to connect 
these components. Warm air from inside the enclosure is used 
to evaporate the heat exchange medium; the coolant vapor 
moves to the compressor where it is compressed and con- 
densed back to a liquid in the condenser. When the coolant 
condenses, it gives off the heat it picked up in the enclosure. As 
a result, the air around the evaporator is cooled and the air 
around the condenser is heated. The cool air is circulated 
within the refrigerator and the hot air dissipates into the room 
in which the appliance is located. This cooling cycle is con- 
trolled by a timing device that regulates the length of the cycles, 
or it may have a thermostat device that controls the cycle. 

The compressor is typically powered by an electric motor 
that is usually protected with a thermal cutoff. The compressor 
is usually located in a sealed container, which can prevent an 
overheated compressor from igniting nearby combustibles 
because it acts as a heat sink. Additional systems in a refriger- 
ator include lighting, ice maker, ice and water dispenser, and 
a fan for the condenser and possibly one for the evaporator. 

The refrigerator may also have heating coils in various 
areas for automatic defrosting and to prevent water condensa- 
tion on outside surfaces. Automatic defrosters are designed to 
operate at regular intervals to prevent the accumulation of 
frost on inside surfaces, especially the freezer. 

The antisweat (external condensation) heaters are located 
under exterior faces, and they operate at regular intervals to 
prevent condensation. Some models allow this feature to be 
disabled to conserve power. In both cases, these heaters are 
typically low-wattage electrical resistance heaters. 


21.6.6 Dishwasher. A dishwasher uses a pump to spray and 
distribute hot water and soap onto the dishes. An electric resis- 
tance heater is typically located in the bottom of the unit, 
where it further heats the water being used. Once the washing 
and rinsing is complete, the water is drained, and the dishes 
are dried by the resistance heater, which is exposed to air after 
the water has drained. Some models allow the electric heater 
to be disabled during the drying cycle in order to save power. 
Other devices in the appliance include electrically operated 
valves and a timer control to regulate the various cycles. The 
electric pump motor may or may not be thermally protected. 
Some dishwashers have caused fires by electrical faulting in 
the push-button controls that then ignited the plastic housing. 


21.6.7 Microwave Oven. A microwave oven utilizes a device 
known as a magnetron to generate and direct the radio waves 
(i.e., microwaves) into the enclosure. The frequency of these 
radio waves causes items placed in the oven to heat. To provide 
for even distribution of these waves, a device is used to scatter 
them inside the enclosure, and a food tray on the bottom may 
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be rotated. The microwave oven will also have timing and con- 
trol circuits, a transformer, and internal lighting. The trans- 
former is used to produce the high voltage required by the 
magnetron. The magnetron will usually be provided with a ther- 
mal cutoff switch. There may be thermal cutoffs above the oven 
compartment to remove power in case of a fire in the oven. 


21.6.8 Portable Space Heater. Portable space heaters for res- 
idential use have many designs but are generally divided into 
two groups: convective or radiative. A convective heater uses a 
fan to force room air past a hot surface or element. A radiative 
heater does not have a fan and uses heat transfer by radiation 
to heat the space. The energy provided to these heaters may be 
by electricity or by the combustion of solid, liquid, or gaseous 
fuels. A complete discussion of the many heater designs is not 
appropriate here, but the investigator should become familiar 
with the particular design in question. Familiarization can be 
achieved by reviewing operating manuals and design drawings 
and by examining an exemplar heater. These heaters employ 
a variety of control methods and devices. Generally, these 
devices are present to control the heater, prevent overheating, 
or shut the heater off if it is upset from its normal position. 


21.6.9 Electric Blanket. An electric blanket consists of an 
electric heating element within a blanket. The controls are 
typically located separate from the blanket, on the power 
cord. The control is typically manually adjusted to control 
the on-off cycle time. In one or more places near the heating 
elements within the blanket are located thermal cutoffs to 
prevent overheating of the appliance, and there may be as 
many as 12 or 15 of these, depending on the appliance. An 
electric blanket is designed not to overheat when spread out 
flat. If it is wadded or folded up, heat may accumulate in the 
blanket and get it hot enough to char and ignite. Normally, 
the cutoffs prevent overheating. 


21.6.10 Window Air Conditioner Unit. A window air condi- 
tioner unit is designed to be placed in the window of a resi- 
dence to cool the room. The unit does this by means of a 
refrigeration cycle very similar to that used by refrigerators. 
(See 21.6.5.) Air from the room is circulated through the unit, 
past the evaporator, which cools the air, and is then dis- 
charged to the room. A fan powered by an electric motor does 
the work of circulating the air. The fan motor is usually pro- 
tected from overheating by a thermal cutoff. These units have 
controls for selecting fan speed, cooling capacity, and temper- 
ature. These units are powered by a nominal 120 V circuit, or 
larger units may require nominal 240 V service. 


21.6.11 Hair Dryer and Hair Curler. Typical residential hair 
dryers use a high-speed fan to direct air past an electric resis- 
tance heating coil. Controls are typically limited to on or off. 
Some units may have more than one heater power (wattage) 
and fan speed settings. One or more resettable thermal cutoff 
switches are typically provided near the heaters to prevent 
them from overheating. 


Hair curlers or hair curling wands use an electric resistance 
heater within the wand, around which hair is wrapped to curl 
it. Some models allow the addition of water to a compartment 
that can be used to generate steam. Typical controls include 
an on-off switch and a power setting. Most models include a 
light to indicate that the unit is operating. Typically these units 
have one or more thermal cutoffs near the heating element, 
which may or may not be resettable. 


21.6.12 Clothes Iron. A modern clothes iron uses an electri- 
cal resistance heater, located near the ironing surface, to heat 
that surface. Many models require the addition of water, 
which is used to distribute the heat and to produce steam. The 
controls on typical irons range from a simple temperature 
selector and an on-off switch to electronically controlled units 
that turn themselves off. Irons are designed to heat in both the 
vertical and horizontal position. Most irons are provided with 
one or more thermal cut-outs to prevent overheating. 


21.6.13 Clothes Dryer. All clothes dryers use electricity to 
rotate the clothing drum and to circulate air with a blower. 
Energy for the heat source may be by the combustion of a fuel 
gas or by electricity. All electric dryers are powered by either a 
nominal 120 V or a 240 V source. The clothing is dried by spin- 
ning it in a drum, through which heated air is circulated. Air is 
discharged from the dryer via a duct that is typically directed to 
the exterior of the house. Most dryers have filters to trap lint, 
which can build up in the dryer. However, if the trap is clogged 
or not working or if the material being dried gives off a large 
quantity of lint, this material can accumulate in other areas of 
the dryer and its vent, which can be a fire hazard. Frictional 
heating sufficient to cause ignition can result if a piece of cloth- 
ing or other material becomes trapped between the rotating 
drum and a stationary part. Fires have been reported in dryers 
when vegetable oil-soaked rags or plastic materials such as 
lightweight dry cleaner bags have been placed in the dryer. 


Typical dryers have timing controls, humidity sensors, heat 
source selectors, and intensity selectors to control the opera- 
tion of the dryer. Thermal cutoffs are provided to prevent 
overheating of the dryer and components such as the blower 
motor and heating elements. 


21.6.14 Consumer Electronics. Consumer electronics include 
appliances such as televisions, VCRs, radios, CD players, video 
cameras, personal computers, and so forth. These devices are 
similar in their components in that they typically include a 
power supply, circuit boards with many electronic compo- 
nents attached, and a housing. Some of these appliances, such 
as televisions and CD players, have components that require 
high voltage. Additionally, many of these appliances can be 
operated via remote control. A complete discussion of the 
many designs of these appliances is not appropriate here, but 
the investigator should become familiar with the particular 
design in question. Familiarization can be achieved by review- 
ing operating manuals and design drawings and by examining 
an exemplar appliance. 


21.6.15 Lighting. Typical residential lighting is either the 
incandescent or fluorescent type. Incandescent lighting uses 
a fine metal filament within the bulb, which has been filled 
with an inert gas such as argon, or the bulb is evacuated and 
sealed. When an incandescent bulb is working, a major by- 
product is the generation of heat. Fluorescent lightbulbs use 
high voltage from a transformer (the ballast) to initiate and 
maintain an electric discharge through the light tube. The 
interior of the tube is coated with a material that fluoresces or 
gives off light when exposed to the electrical discharge 
energy. The light-generating process in this case generates lit- 
tle heat as a by-product, but the ballast typically will give off 
heat. Thermally protected fluorescent light ballasts have a 
resettable thermal switch to prevent the ballast from over- 
heating. (See 21.5.5.) 
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Chapter 22 Motor Vehicle Fires 


22.1 Introduction. This chapter deals with factors related to 
the investigation of fires involving motor vehicles. Included in 
this discussion are automobiles, trucks, heavy equipment, and 
recreational vehicles (motor homes). While vehicles that 
travel by air, on water, or on rails are not covered, there are 
many factors relating to incident scene documentation, fuels, 
ignition sources, and ignition scenarios that may apply. 

The burn or damage patterns remaining on the body pan- 
els and in the interior of the vehicle are often used to locate 
the point(s) of origin and for cause determination. 

It was once felt that rapid-fire growth and extensive damage 
was indicative of an incendiary fire. However, the type and 
quantity of combustible materials found in automobiles today, 
when burned, can produce this degree of damage without the 
intentional addition of another fuel, such as gasoline. In the 
case of a total burnout, one cannot normally conclude whether 
or not the fire was incendiary on the basis of observations of the 
vehicle alone. The use of fire patterns or degree of fire damage 
to determine a point of origin or cause should be used with cau- 
tion. The interpretations drawn from these patterns should be 
verified by witness evidence, laboratory analysis, service records 
indicating mechanical or electrical faults, factory recall notices, 
or complaints and service bulletins that can be obtained from 
the National Highway Transportation Safety Administration 
(NHTSA), or the Center for Auto Safety. The investigator 
should also be familiar with the composition of the vehicle, and 
its normal operation. (See Chapier 4.) 

The relatively small compartment sizes of vehicles may result in 
more rapid fire growth, given the same fuel and ignition source 
scenario, when compared to the larger compartments normally 
found in a structure fire. However, the principles of fire dynamics 
are the same in a vehicle as in a structure and, therefore, the inves- 
tigative methodology should be the same. (See Chapters 2 and 3.) 


22.2 Vehicle Investigation Safety. The completion of a thor- 
ough investigation of a burned vehicle may pose a variety of 
safety-related concerns that are different from those that may 
normally be found in a structure fire. 

When completing an inspection of the vehicle undercar- 
riage, the investigator should take care to prevent the vehicle 
from moving and causing investigator injury. The use of 
hydraulic lifts designed to hold the vehicle weight, jacks, or 
other lifting devices used in conjunction with blocking or 
stands will assist in preventing sudden movement or to prevent 
the vehicle from falling on the investigator. 

Undeployed airbags (supplemental restraint systems) also 
pose a serious potential safety concern for fire investigators. 
Sodium azide, the expelling agent for the airbag, is a hazardous 
material, and contact or inhalation can constitute a potential 
health hazard for the investigator. Some vehicles are also 
equipped with an additional airbag and reactive occupant 
restraint systems. The investigator will need to identify the systems 
that are present, the operational condition of those systems, and, 
if necessary, should render those systems safe prior to disturbing 
the passenger compartment, to prevent accidental operation. 

Vehicle fire inspections may present many other situations 
that pose safety hazards to the investigator. These can include 
fuel leaks or remaining fuel in fuel tanks posing a fire hazard; 
expelled lubricants, which may pose slip and fall hazards; elec- 
trical energy stored in the battery; or broken glass, which may 
pose puncture or cut hazards. 


22.3 Fuels in Vehicle Fires. A wide variety of materials and 
substances may serve as the first materials ignited in motor 
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vehicle fires. These include engine fuels; transmission, power 
steering, and brake fluids; coolants; lubricants; and the vehicle 
interior materials or cargo. Once a fire is started, any of these 
materials may contribute as a secondary fuel, affecting the fire 
growth rate and the ultimate damage sustained. 


22.3.1* Liquid Fuels. Liquid fuels are often associated with 
vehicle fires, as they are almost universally present. These fuels 
may come in contact with an ignition source as the result of a 
malfunction of one of the vehicle systems, an accident involving 
fuel release, or an incendiary act. Table 22.3.1 provides some of 
the properties of commonly encountered liquid fuels. 


Whether a given fuel can actually be ignited depends on 
the properties of the fuel, its physical state, the nature of the 
ignition source, and other variables. Flash point is of little or 
no significance when a fuel is released in spray form. Ignition 
on hot external surfaces may require temperatures of 200°C 
(360°F) above published ignition temperatures. See Chapter 
3 for additional information on the process of ignition. 


22.3.2, Gaseous Fuels. Alternate motor fuels, notably propane and 
compressed natural gas, are finding increasing use in fleets of auto- 
mobiles and in trucks as well as in some privately owned vehicles. 
The use of these fuels is expected to increase in the future, along 
with the introduction of hydrogen. Propane is also found aboard 
the majority of recreational vehicles as a cooking, heating, and 
refrigeration fuel. Hydrogen and oxygen can be found in associa- 
tion with wet-cell lead acid batteries and may be released during 
charging or as a consequence of a collision. Larger quantities of 
these gases may be found in larger vehicles or as cargo. Many gases 
are stored as a liquid under pressure, and become gaseous when 
released. Some properties of gaseous fuels are given in Table 22.3.2. 


22.3.3 Solid Fuels. Solid fuels are less common than liquids 
and gases as the first materials ignited in motor vehicle fires, 
except in scenarios where overloaded wiring or smoking mate- 
rials are possible ignition sources, or where the vehicle is sub- 
jected to an exposure fire. Frictional heating may also be an 
ignition source involving drive belts, bearings, or tires. Given 
even a small initial fire, solid fuels may contribute significantly 
to the speed of the fire growth and may spread the extent of 
damage. Plastic materials can burn with heat release rates simi- 
lar to those of ignitable hydrocarbon liquids. Plastics often sag 
or drop flaming pieces. Some metals can be ignited if they are 
in the proper form. Most metals need to be melted or powdered 
to burn. Metals such as aluminum and magnesium and their 
alloys can also burn in vehicle fires, adding additional fuel. 


Investigators should not interpret the presence of melted 
metals to be an indicator of the use of an ignitable liquid as an 
accelerant, in the belief that only an ignitable liquid can pro- 
duce sufficiently high temperatures. Common combustibles 
and ignitable liquids produce essentially the same flame tem- 
perature. Melting temperatures given in handbooks and in 
this guide are for the pure metal, unless otherwise stated. In 
many cases, alloys are used rather than the pure metal. The 
melting temperature of an alloy is generally lower than that of 
its constituents. The actual composition of a metal part and its 
melting temperature should be determined before any con- 
clusions are drawn from the fact that it has melted. Accidental 
alloying may occur during a fire. For instance, zinc may drip 
onto a copper wire or tube and form a brass alloy, which melts 
at a lower temperature than copper. Likewise, molten alumi- 
num can drip onto steel sheet metal, which can cause the 
appearance of melting of the sheet steel. Some properties and 
uses of solid fuels are given in Table 22.3.3. 
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Table 22.3.1 Properties of Ignitable Liquids in Motor Vehicle Fires 


Ignition Flammability 
Flash Point Temperature Range (%) Boiling Point Vapor 
Density 
Liquid °F °C °F °C Lower Upper °F °C (Air = 1) 
Brake fluid* 240-355 115-179 
Brake fluid 298 148 485 252 
Ethylene glycol (100%)* 232 111 775 413 3.3 — 387 197 
Ethylene glycol (90%)° 270 132 
Diesel #2D4 126-204 52-96 494 257 —_— —_— 
Kerosene #1 fuel oil 100-162 38-72 410 210 0.7 5.0 304-574 151-301 
Gasoline — 100 octane‘ —36 —38 853, 456 1.4 7.6 100-400 38-204 3-4 
Methanol* 52 11 867 464 7.8 86.0 147 64 1.1 
Motor oil® 410-495 210-257 500-700 260-371 
Trans fluid® 350 177 
Trans fluid> 361-379 183-193 410-417 210-214 
Dextron ITE 
Dextron II 367 186 414 212 
Type F (Ford) 347 175 
Power steering fluid® 350 177 


Note: The data provided in this table are for generic or typical products when tested in a specific way. The test methods may not be the same for 
each material. The information in this table is from various sources within published literature. 

NFPA SPP 51, Flash Point Index of Trade Name Liquids, p. 182. 

b UNOCAL Lub Oils and Greases Div. 

© Flick, Noyes Data Corp., Industrial Solvents Handbook, p. 416. 

4 NFPA Fire Protection Guide to Hazardous Materials. 

© Severy, Blaisdell, and Kerkhoff, Automobile Collision Fires. 


Table 22.3.2 Gaseous Fuels in Motor Vehicles 


Ignition Temperature Boiling Point Flammability Range % 
Vapor Density 
Gas °F °C °F °C Lower Upper (Air = 1) 
Hydrogen 932 500 —422 —252 4.0 75.0 0.1 
Natural gas (methane) 999 537 —259 -162 5.0 15.0 0.6 
Propane gas 842 450 —44 —42 2.1 9.5 1.6 


Note: The data provided in this table are for generic or typical products and may not represent the values for a specific product. When possible, 
values specific to the product involved should be obtained from a material safety data sheet or by test. 
Source: NFPA Fire Protection Guide to Hazardous Materials. 
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Table 22.3.3 Solid Fuels in Motor Vehicle Fires 


Ignition Temperature Melting Point 
Material °F °C °F °C Comments 
Acrylic fibers 1040 560° 122 50> 
Aluminum (pure) 1832 1000°° 1220 660° 
ABS 871 466” 230-257 110-125° Body panels — may be completely 
consumed 
Fiberglass (polyester resin) 1040 560° 802-932 428-500° Resin burns but not glass body panels 
Magnesium (pure) 1153 623 1202 650° 
Nylon* 790 421» 349-509 176-265 ‘Trim, window gears, timing gears 
Polyethylene 910 488° 251-275 122-1358 Wiring insulation 
Polystyrene 1063 573! 248-320 120-1608 Insulation, padding, trim 
Polyurethane — foam 852-1074 456-579! Seats, arm rests, padding 
Polyurethane — rigid 590 310° 248-320 120-160° ‘Trim 
Vinyl (PVC) 945 507! 167-221 75-1058 — Wire insulation, upholstery 


Note: The data provided in this table are for generic or typical products and may not represent the values for a specific product. When possible, 
values specific to the product involved should be obtained from the manufacturer or by test. 


*Pure metal 

* Lide (ed.), Handbook of Chemistry and Physics. 
b Hilado, Flammability Handbook for Plastics. 

© Guide to Plastics. 


d Baumeister, Avallone, and Baumeister, Marks’ Standard Handbook for Mechanical Engineers. 


© NFPA Fire Protection Handbook, Table 3.13A (17th edition). 
£ NFPA Fire Protection Handbook, Table A.6 (17th edition). 
8 Plastics Handbook. 


22.4 Ignition Sources. In most instances, the sources of igni- 
tion energy in motor vehicle fires are the same as those associ- 
ated with structural fires, arcs, overloaded wiring, open flames, 
and smoking materials. There are, however, some unique 
sources that should be considered, such as the hot surfaces of 
the catalytic converter, the turbocharger, and the manifold. 
Because some of these ignition sources may be difficult to 
identify following a fire, the descriptions in 22.4.1 through 
22.4.5 are provided to assist in their recognition. 


22.4.1 Open Flames. The most common open flame in a car- 
bureted vehicle is caused by a backfire through the carbure- 
tor. Propagation will rarely occur if the air cleaner is properly 
in place. Most vehicles today, however, use a fuel injection sys- 
tem that eliminates the need for a carburetor. Lighted 
matches in ashtrays may ignite debris in the ashtray, resulting 
in a fire that exposes combustible plastic dash or seat materi- 
als. In recreational vehicles, appliance pilot flames or operat- 
ing burners and ovens are open-flame ignition sources. 


22.4.2 Electrical Sources. When the engine is not running, 
the primary source of electrical power in a motor vehicle is the 
battery. In most cases, without a battery, there is no source of 
electrical energy to start a fire. A limited number of compo- 
nents remain electrically connected to the battery, even though 
the ignition switch is off and the engine is off. These compo- 
nents, such as an alternator or ignition switch, can fail hours 
after the vehicle was last used. The investigator should deter- 
mine if the vehicle was running at the time of the fire. A vehicle 
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that is running has many more potential sources of ignition. 
Protection of electrical circuits in motor vehicles is provided by 
fuses, circuit breakers, and fusible links. As with structures, any 
of these safety devices can be altered, bypassed, or fail. The 
installation of additional equipment can affect the way a safety 
device will operate. Unlike the electrical systems of most struc- 
tures, motor vehicle electrical systems are often direct current 
(dc) systems. The frame, body panels, and engine are electri- 
cally connected to form the ground or negative side of the sys- 
tem. The negative side of the battery is connected to the frame 
or engine block or both. The positive side of the battery sup- 
plies current to the fuse panel and to all electrical accessories. 
This means that any electrical device may appear to have only 
one wire physically connected. It also means that the ground 
path may not be the most obvious one. Any time an energized 
positive wire, terminal end, or component touches a grounded 
surface, a completed circuit can result. 


Recreational vehicles may have both onboard batteries and 
wiring like a motor vehicle and alternating current (ac) wiring 
and fixtures like a structure. They may also be equipped with a 
converter that changes the ac (household) current into dc 
power for lighting, and so forth. They may further be equipped 
with an onboard generator to provide ac current when an out- 
side source is not available. 


22.4.2.1 Overloaded Wiring. Unintended high-resistance faults 
in wiring can raise the conductor temperature to the ignition 
point of the insulation, particularly in bundled cables such as the 
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wiring harnesses or the accessory wiring under the dash, where 
the heat generated is not readily dissipated. This can occur with- 
out activating the circuit protection. Faults and mechanical fail- 
ures of high-current devices such as power seat or window motors 
can also result in ignition of insulation, carpet materials, or com- 
bustible debris that may accumulate under seats. Some vehicles, 
for instance, are equipped with heated seating that uses self-reg- 
ulating wires. A fault can cause a shorter-than-intended heating 
path, resulting in overheating. The addition of accessories may 
overload factory wiring. This overload is commonly found with 
the addition of aftermarket stereo equipment or alarm systems. 
An installer may place equipment of higher electrical demand in 
a vehicle, along with a higher capacity fuse. Some installations of 
aftermarket equipment do not include any safety device. Pre-fire 
history of electrical malfunction may be a clue. 


22.4.2.2 Electrical Arcing. Electrical arcing can result when 
the conductor’s insulation becomes worn, brittle, cracked, or 
otherwise damaged, allowing it to contact a grounded surface. 
A connector can break or come loose. This can be the result 
of fluid leakage deteriorating the insulation or the result of an 
impact. In postcrash situations, arcs can be generated through 
the crushing or cutting of wires, particularly battery and 
starter cables, which are not electrically protected and are 
designed to carry high currents. The large amount of energy 
available in a battery can be enough to ignite materials such as 
engine oil accumulations, some plastic materials, and electric 
insulation. Significant arcing can also occur along with the 
crushing of the battery or batteries. 


22.4.2.3* Lamp Filaments of Broken Bulbs. Lamp _ filaments 
of broken bulbs are also a source of ignition energy, especially 
for gases, vapors, or liquid fuels in a spray or mist form. Normally 
operating head-lamp filaments have temperatures on the order 
of 2550°F (1400°C). However, most filaments operate in a vac- 
uum or inert atmosphere. When the filament is exposed to ambi- 
ent air, it will typically operate for only a few seconds, then burn 
open. Once the filament opens, the source of ignition is gone. 


22.4.2.4 External Electrical Sources Used in Vehicles. While 
most electrical sources in vehicles are self-contained, there are 
situations where electrical power is provided from commercial 
facilities. Examples of these sources are electrical hook-ups used 
in recreational vehicles and trailers, or electric heaters for 
engines and vehicle interiors. Battery chargers may also provide 
an external source of electricity. Many vehicles used in colder cli- 
mates, especially those with diesel engines, have an electric 
heater to assist with starting. This heater can be a permanent 
piece of equipment on the vehicle, with a secondary power cord. 
Inspection for electrical power cords should be made when 
applicable, since an overload of the cord or a failure of the appli- 
ance could be the cause of the fire. Improper application of 
external electricity can damage vehicle components, resulting in 
failure, and possibly in fire. Where recreational vehicles are con- 
nected to commercial power, the branch circuit wiring should 
be inspected for indications that it was a possible ignition source. 


22.4.3* Hot Surfaces. Exhaust manifolds and components 
can generate sufficiently high temperatures to ignite diesel 
spray and to vaporize gasoline. Automatic transmission fluid, 
particularly if heated due to an overloaded transmission, can 
ignite on a hot manifold. Engine oil and certain brake fluids 
(DOT 3 and 4) dropping on a hot manifold can also ignite. 
These fluids may ignite after the vehicle is shut off. This ignition 
is due to the loss of airflow through the engine compartment, 
which disperses these vapors and cools hot engine surfaces. 


When the engine is shut off, the airflow ceases, and manifold 
temperatures can rise. This may be sufficient to ignite the fluid 
vapors. The internal components of a catalytic converter have 
operating temperatures of approximately 1300°F (700°C) 
under normal operation and can be much higher if unburned 
fuel is introduced due to a fuel or ignition system malfunction. 
External temperatures of these converters can reach tempera- 
tures of 600°F (315°C) under normal operation and can 
become higher where ventilation or air circulation is restricted. 
In most vehicles, the pipe surface just upstream of the catalytic 
converter will operate hotter than the converter itself. 


Typically, gasoline will not be ignited by a hot surface, but 
requires an arc, spark, or open flame for ignition. While igni- 
tion of gasoline vapor by a hot surface is difficult to reproduce, 
such ignitions should not be dismissed out of hand. As a rule 
of thumb, ignition by a hot surface in the open air should not 
be assumed unless the surface temperature is about 200°C 
(360°F) above the accepted minimum ignition temperature. 


22.4.4* Mechanical Sparks. Metal-to-metal contact (steel, iron, 
or magnesium) or metal-to-pavement contact can create sparks 
with enough energy to ignite gases, vapors, or liquids in an atom- 
ized state. Metal-to-metal contact can occur at drive pulleys, drive 
shafts, or bearings, for example. Metal-to-pavement contact typi- 
cally involves a broken drive shaft, exhaust system, or wheel rim 
after the loss of a tire. All metal-to-metal or metal-to-pavement 
sparking requires that the vehicle be running or in motion. Sparks 
generated at speeds as low as 5 mph (8 kmh) have been deter- 
mined to reach temperatures of 14'70°F (800°C) (orange sparks). 
Higher speeds have produced white sparks in the 2190°F 
(1200°C) range. Aluminum-to-pavement sparks are not an igni- 
tion source. Although sparks may have sufficient energy to ignite 
gases, vapors, or atomized liquids due to the small particle size of 
most sparks, their energy is quickly dissipated, and they usually are 
nota competent ignition source. They generally will not ignite sol- 
ids. Sparks from tools striking metals seldom cause ignition. 


22.4.5 Smoking Materials. Modern upholstery fabrics and 
materials, by their chemical nature, are generally difficult to 
ignite with a cigarette. Ignition may occur if a lighted cigarette 
is buried in paper, tissues, or other debris, or if the seat mate- 
rial comes into contact with open flame. Urethane foam seat- 
ing burns readily, once ignited with a flame, and adds 
substantially to the intensity of a vehicle fire. 


22.5 System Identification and Function. Each system of a 
motor vehicle has a specific function. Not all motor vehicles 
have the same systems; however, many systems operate in a sim- 
ilar manner. System familiarity is essential to the proper inves- 
tigation of a motor vehicle fire. If the investigator does not 
know how a system operates, he or she will not be able to deter- 
mine if a system malfunctioned or has been altered, or whether 
such malfunction or alteration could be responsible for the 
fire. Almost every motor vehicle has some form of repair publi- 
cation. Most of these repair manuals explain the systems 
unique to that particular vehicle. Many publications also have 
troubleshooting guides to diagnose potential problems. These 
publications can be found at most auto parts stores, and most 
public libraries have at least generic repair manuals. 


22.5.1 Fuel Systems. There are two basic fuel systems used in 
gasoline powered motor vehicles: the vacuum/low-pressure 
carbureted system, and the high-pressure, fuel-injected sys- 
tem. Both systems use a fuel storage tank, tubing, and fuel 
pump to deliver fuel to the engine. Once the fuel is delivered 
to the engine, it is atomized, compressed, and burned. 
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22.5.1.1 Vacuum/Low-Pressure Carbureted Systems. In the 
vacuum/low-pressure carbureted system, the fuel is typically 
drawn from the fuel storage tank by a mechanical pump 
attached to the engine. This pump operates only when the 
engine is rotating. The fuel is then pumped under approxi- 
mately 3 psi to 5 psi (20 kPa to 35 kPa) to the carburetor fuel 
bowl. The fuel flows from the bowl into the venturi, where it is 
mixed with air in a ratio of approximately 15 to 1. The fuel-air 
mix is then drawn into the combustion chamber though the 
intake valve. The piston compresses the mixture and a spark 
ignites it. Potential problems with this system typically occur on 
the pressure side. If a leak develops on the vacuum side, air is 
drawn into the system, and the vehicle generally will not run. 
Leaks on the pressure side, however, may range from a fine mist 
to a heavy stream. Leaks can occur in a fuel line or at the carbu- 
retor and generally occur within the confines of the engine 
compartment. If an ignition source is available, a fire could 
result. If a fuel line is compromised by a fire from another 
source, the fuel may contribute significantly to fire growth, and 
the result may be a fuel system that appears to be the cause of 
the fire. Note that some vehicles, originally sold with a mechan- 
ical pump, may have had the mechanical pump replaced by an 
electric pump. If the mechanical pump does not appear to be 
connected to a fuel line, an electric pump may be in use. 


22.5.1.2* High-Pressure Fuel-Injected Systems. In the high- 
pressure fuel-injected system, the fuel is typically pumped from 
the fuel storage tank under pressures of 35 psi to 70 psi (240 kPa 
to 480 kPa). This is accomplished with an electric pump in or 
near the fuel storage tank. This pump is typically energized any 
time the ignition key is in the run position. Most late model vehi- 
cles have electric fuel pumps that are integrated with the 
engine’s computer. This computer will shut the pump off if the 
engine is not running. Some vehicles are also equipped with an 
inertia switch. This switch will shut the fuel pump down in case 
of an impact. The fuel is pumped to either a single venturi- 
mounted fuel injector or a fuel rail assembly on the engine. The 
single venturi-mounted fuel injector is typically located inside a 
device that resembles a carburetor. Fuel is injected (atomized) 
in a much more controlled manner than in a carburetor, 
increasing fuel economy and power. Additionally, by providing a 
stable fuel—air mixture, this injector reduces pollution. The fuel 
rail assembly is a tube located on top of the engine to supply con- 
stant fuel pressure and flow to cylinder-mounted fuel injectors. 
Both of these types of high-pressure systems also include a fuel 
return system. The fuel return system carries the unused fuel 
back to the fuel storage tank at nearly the same operating pres- 
sure as the fuel supply. Potential problems with this system 
include leaks at fittings. When a leak develops, the system pres- 
sure can propel a stream of fuel several feet. If the leak develops 
on the supply side of the system, operational problems should be 
noticed by the operator. These can result in poor performance 
of the vehicle, including starting difficulties, erratic operation, 
and stalling. A more serious situation is a leak on the return side 
of the system. A leak here may go undetected. This fuel is pres- 
surized nearly as much as the supply side; however, operational 
difficulties may not be evident. Even vehicles that are not run- 
ning typically have residual pressure in the fuel system. Many 
vehicles are being equipped with flow detection equipment that 
monitors fuel usage and fuel return. If this system detects an 
imbalance, the system will shut down. Ifa fire in a parked vehicle 
compromises the fuel line, there will usually be little leakage, if 
the line enters the top of the tank. Lines that enter the bottom 
of the storage tank may siphon or feed by gravity many gallons of 
fuel into a fire, once they have been compromised. Even if the 
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compromise in the fuel line is above the level of fuel in the tank, 
fuel may be released due to either residual pressure in the tank 
or pressure resulting from exposure to the fire. 


22.5.1.3 Diesel Fuel Systems. Diesel-powered vehicles typi- 
cally use a combination of pumps to deliver the fuel from the 
fuel storage tank to the engine. Sometimes, electric lift pumps 
are used in or near the fuel storage tank, or engine-mounted 
mechanical pumps are used. These lift pumps are typically 
high-volume, low-pressure devices. They supply fuel to the 
engine-mounted fuel injector pump. The fuel injector pump 
meters and delivers the fuel into each cylinder at the appropri- 
ate time for combustion. Combustion air is brought in 
through natural aspiration or under pressure from a turbo- 
charger. Diesel fuel delivery systems are typically very robust. 
Leaks typically develop at fittings loosened by the vibration of 
the engine. Diesel fuel, unlike gasoline, will readily ignite on 
contact with a hot surface. “Runaway” diesel engines are a rare 
occurrence, but they do happen occasionally. They occur 
when airborne combustible vapors are taken into the intake 
system via the engine air supply. This has the same effect as 
continually depressing the accelerator, and under extreme 
conditions, the engine will literally tear itself apart and 
explode into a fireball. The only sure way to stop an engine 
under these circumstances is to shut off the air supply. 


22.5.1.4 Natural and Propane Fuel Systems. As with engine 
fuels, these gases are stored as liquids in pressurized contain- 
ers and typically flow to a regulator at the engine. This system 
operates under high pressures. Most natural or propane- 
fueled motor vehicles still utilize a carbureted system to mix 
the fuel and combustion air. Leaks found after the fire, in the 
course of a system pressure check, may not indicate a pre-fire 
leak. This is due, in part, to differing coefficients of expansion 
between the fittings and the piping materials. Potential prob- 
lems with this system are inherent in the nature of the fuel. If 
a leak develops, the escaping gas can travel great distances and 
can be ignited by a remote source. If this occurs, the fire can 
flash back to the source. Explosions may occur. It is not 
uncommon for natural or propane fuel storage tanks to rup- 
ture during a fire. This rupture is due to internal pressure, 
which cannot be relieved quickly enough, building during the 
fire. As appliance fuels, typically found in recreational vehicles 
for cooking, heating, and refrigeration appliances, these gases 
are stored as liquids in pressurized containers and flow imme- 
diately into a pressure regulator for distribution to the appli- 
ances. The danger from a leak is not as severe as in an engine 
fuel system, but it can be as catastrophic. The investigation of 
appliance fuel fires requires many of the same techniques as 
that of a structure investigation. More information about nat- 
ural gas systems can be found in NFPA 54, National Fuel Gas 
Code. More information about propane gas systems can be 
found in NFPA 58, Liquefied Petroleum Gas Code. 


22.5.1.5 Turbochargers. Turbocharging is the utilization of a 
turbine to add to the power output of an engine by increasing 
the amount of the air being forced into the cylinder. The tur- 
bine used to drive the compressor turns at up to 100,000 rpm. 
The turbocharger uses exhaust gases for propulsion, and in 
many cases, the turbocharger is the hottest point on an 
engine. The heat created can ignite fuels or other ignitable 
materials, should they come in contact with the unit. Both gas- 
oline- and diesel-fueled engines can be turbocharged. An oil 
leak from a turbocharger can increase its operating tempera- 
ture and can be the first fuel ignited in a fire. 
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22.5.2 Emission Control System. Most motor vehicles are 
equipped with some form of emission control. This system con- 
trols exhaust emissions and collects gasoline vapors. This system 
typically regulates fuel input, timing adjustments, and exhaust 
gas recirculation (EGR). The major components of this system 
are located in the engine compartment, and consist of the EGR 
valve, a charcoal canister, a variety of rubber vacuum hoses, and 
sensors that interface with the onboard computer. The EGR 
valve recirculates a portion of the exhaust gases, so that the 
engine will warm up more quickly without putting fuel-rich 
vapors into the atmosphere. The charcoal canister collects 
excess fuel vapors. These vapors are drawn into the engine and 
burned when the engine is started. A potential problem is vapor 
leakage from the charcoal canister or vapor hoses. These vapors 
can travel throughout the engine compartment, and, if an igni- 
tion source is present, they can ignite in the same manner as the 
gases previously discussed. Overfilling of the fuel tank can force 
liquid into the charcoal canister, causing flooding. Improperly 
installed additional fuel tanks can overwhelm the vapor recovery 
system. The EGR valve can stick, causing fuel-rich exhaust gases 
to be recirculated into the engine. This can cause rough idling, 
stalling, backfires, and overheating of the catalytic converter. 


22.5.2.1 Exhaust System. The exhaust system does more than 
carry the exhaust gases from the engine. It also serves as a part of 
the emission control system. The exhaust manifold is bolted 
directly to the engine. It is the collector for the exhaust gases 
coming from each cylinder. This manifold is generally located 
below the valve cover. A leak in the valve cover or gasket may 
allow engine oil to contact the manifold, which may result in 
ignition. (See 22.4.3.) In the header pipe (the first section of pipe 
from the engine), there is usually an oxygen sensor. This sensor 
detects the oxygen content in the exhaust stream and sends a sig- 
nal to the onboard computer to make fuel delivery and timing 
adjustments. The next device downstream in the exhaust system 
is the catalytic converter. The incoming exhaust pipe, approxi- 
mately 3 in. to 4 in. in front of the converter, is typically the hot- 
test part of the exhaust system. Temperatures of 650°F (343°C) 
have been measured during normal operation. If the engine is 
misfiring or running rich, these temperatures can increase sig- 
nificantly. The remainder of the exhaust system is comprised of 
the muffler and piping. A potential danger in a normally operat- 
ing motor vehicle is contact with combustible items, such as tall 
grass or debris, with exhaust and catalytic converter surfaces. A 
malfunction in the engine can cause the catalytic converter to 
run hot enough to ignite undercoating and interior carpeting. 


22.5.3 Motor Vehicle Electrical Systems. The 12-volt negative 
ground dc system has a storage battery as its primary energy 
source. The battery is connected to both the positive side and 
negative sides of the electrical system. If either of the battery 
leads are disconnected, no energy can flow. The starter motor 
vehicle draws energy from the battery, and after the engine 
starts, the alternator takes over, providing whatever energy is 
required. The amount of energy capable of being carried by any 
conductor can be estimated by the relative size of that conduc- 
tor. The bigger the conductor, the more energy it can carry. 
Typically, the largest conductors are routed from the battery to 
the starter and from the battery to the alternator. These con- 
ductors rarely have any over-current protection. Arcing is com- 
monly found on one or more of these conductors after a fire. 


In addition to providing electrical energy, the battery can 
also be a source of fuel in the form of hydrogen gas. Hydrogen 
can be released during charging operations or as the result of a 
direct short of an unfused wire, such as the starter cable. Small 


amounts of hydrogen and oxygen are also present inside sealed 
(no maintenance) batteries and can be released due to mechan- 
ical damage during a collision. Hydrogen gas has a very wide 
explosive range and is easily ignited by low energy sources. How- 
ever, it is unusual for a hot surface to cause hydrogen ignition. 


22.5.3.1 Twelve-Volt Electrical Systems. Energy distribution 
throughout the vehicle is accomplished by connecting the posi- 
tive 12 volt (+12 V) to a buss bar. This buss bar has fuses or circuit 
breakers attached, which protect the downstream circuits from 
overcurrent. A major difference between vehicles and structures 
is that the entire frame, body, and engine may be used as the 
ground path. This means that during an inspection, only one 
conductor may be found connected to a device. This also means 
that if an energized conductor should chafe or rub on a frame, 
body, or engine surface, it could complete a circuit. In most cases, 
this will simply cause the overcurrent protection device to operate 
and de-energize that circuit. If someone then replaces the fuse 
with a larger fuse, the problem may seem to be solved. The larger 
fuse can allow an overloading of the conductors and circuits, 
which may result in a fire. Only a few circuits have +12 V potential 
when the engine is not running and the ignition key is off. These 
are usually the circuit from the battery to the starter, the circuit 
from the battery to the alternator, and the circuit from the battery 
to the ignition switch, with a downstream leg to certain accesso- 
ries such as the clock and cigarette lighter. Circuits supplying 
aftermarket accessories connected directly to the battery (with or 
without overcurrent protection) may also be energized when the 
engine is not running. One method of determining if the vehicle 
was running at the time of the fire, assuming that the fuses sur- 
vived the fire, is to examine the engine control fuses. In general, 
if none of the engine control fuses have opened, the vehicle was 
not running. Wiring diagrams will typically show conductor insu- 
lation color, device location, and function. Many electrical com- 
ponents have the potential to malfunction and overheat. Many of 
these components also have a ready fuel source in their construc- 
tion. Most motor vehicle conductors are composed of stranded 
wiring, which becomes very brittle on heating. Therefore, the wir- 
ing should be carefully documented before any substantial move- 
ment of the wiring takes place. 


22.5.3.2 Other Electrical Systems. Electrical systems in older 
cars may be only +6 volts. Some older vehicles also have positive 
ground systems. It is rare that a fire investigator will encounter 
one of these systems. Larger vehicles may have +24 volt systems. 
These systems are found in larger trucks, buses, and heavy equip- 
ment. Alternate electrical systems are found in recreational vehi- 
cles. These systems have a combination of +12 volt dc and 120 
volt ac. Many recreational vehicles have converters that change 
the 120 volt ac to 12 volt dc. These vehicles may also have power 
inverters which will convert 12 V dc to 120 V ac. RVs may also be 
equipped with onboard generators that produce 120 volts ac. 
These generators should be inspected as potential fire causes, 
since they have most of the same properties as the vehicle itself, 
that is, fuel supply, ignition system, exhaust system, and so forth. 


22.5.4 Mechanical Power Systems. Motor vehicles are usually 
powered by an internal combustion engine that may run on a 
variety of fuels. An internal combustion engine is a complex 
machine with many components working in synchronization. To 
maintain proper function, all of these parts must remain securely 
attached, and many require lubrication or cooling. Mechanical 
failure of the engine can result in components, parts, or pieces 
being propelled at high speeds away from the engine. Pistons and 
connecting rods have been known to break through the side of 
an engine block and damage other components outside the 
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engine. Oil and crankcase vapors can escape through a hole cre- 
ated by such a failure and ignite on a hot surface. Mechanical fail- 
ure can also result in the failure of fuel lines. A piece of piston 
cutting through the fuel line can certainly lead to a fire. Most 
engines will not operate after a catastrophic mechanical failure 
or will operate only with seriously diminished performance. 


22.5.4.1 Lubrication Systems. Most engines use hydrocarbon 
oil for lubrication. Oil collects in a pan at the bottom of the 
engine and is distributed by a mechanical pump. The oil returns 
to the pan by gravity flow. Most oil pumps operate at 35 psi to 
60 psi (240 kPa to 415 kPa). Oil can leak at the many joints or 
mating surfaces in the engine. Leaks around the pan gasket, for 
instance, can allow oil to be blown onto the hot exhaust, or oil 
leaking from a valve cover gasket can flow down onto a hot man- 
ifold. Oil leaks may result in fires after the vehicle is turned off 
(see 22.4.3). Lack of oil in the engine can cause the failure of 
internal components. These failures can lead to catastrophic 
mechanical failure, which may, in turn, cause a fire. 


22.5.4.2 Liquid Cooling Systems. Engine cooling is accom- 
plished with liquid or air. Liquid-cooled motor vehicles use a 
closed system consisting of passageways through the engine 
block, a water pump, hoses, thermostat, and a radiator. As the 
engine reaches its normal operating temperature, the coolant 
in the engine also warms. This coolant is circulated through the 
system by the water pump. When the coolant reaches a pre-set 
temperature [typically in the range of 180°F to 195°F (80°C to 
90°C) ], the thermostat opens, allowing the coolant to flow to 
the radiator. The radiator is a heat exchanger, composed of a 
series of small tubes, connected between two tanks. A fan is used 
to provide airflow at low speeds or when the vehicle is stopped. 
Airflow around the tubes reduces coolant temperature before it 
is sent back to the engine. A normal cooling system will operate 
at approximately 16 psi (110 kPa). Most cooling systems are 
designed to use a mixture of 50 percent ethylene glycol (anti- 
freeze) and 50 percent water. In colder climates, higher per- 
centages of antifreeze are sometimes used. 


22.5.4.3 Air-cooled Systems. Air-cooled engines use a fan and 
ductwork to move air around the engine. These fans are typi- 
cally belt driven. Engine overheating can occur if the belt 
breaks. Catastrophic engine failure may result. 


22.5.5 Mechanical Power Distribution. Mechanical power pro- 
duced by the engine must be delivered to the drive wheels. This 
is accomplished through a transmission. The transmission can 
consist of mechanical gearing or hydraulically driven gearing. 
The moving parts within the transmissions require lubrication. 


22.5.5.1 Mechanically Geared Transmissions. Mechanically 
geared transmissions receive engine power through the clutch 
assembly. The clutch assembly is located between the engine and 
transmission and consists of a pressure plate bolted to the engine 
flywheel and a clutch disc on the transmission front shaft. The 
selection of drive gears is mechanically performed by rods and 
levers. The gears in the transmission are lubricated in an oil bath. 
The oil can be as heavy as 120 or 130 weight gear oil, or as light as 
automatic transmission fluid. Mechanical failures can be as cata- 
strophic as those in the engine. Leaks of transmission lubricant 
may occur in the area of the exhaust system. Transmission fluid 
can typically be added only from under the vehicle, directly 
though openings in the side of the transmission. Overfilling of a 
manually geared transmission is rare. 


22.5.5.2 Hydraulically Geared Transmission. Commonly 
referred to as automatic transmissions, these devices receive 
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engine power through a torque converter. A torque converter 
allows the engine to run at idle without the vehicle moving. 
This is accomplished by vanes in the torque converter allowing 
a small quantity of transmission fluid to flow around the vanes. 
As engine speed increases, the fluid can no longer flow 
around the vanes and power is transferred to the transmission. 
Gear selection is performed by the transmission, depending 
on factors such as engine speed and load demands. The fluid 
used in automatic transmissions requires cooling. This is typi- 
cally accomplished by routing the fluid through a cooler in the 
engine radiator. Fluid can be added by opening the engine 
compartment, removing the transmission fluid level indicator 
(dipstick) , and pouring fluid down the tube. Overfilling of the 
transmission can easily occur. Most transmission level indica- 
tors specify that the transmission must be idling at normal 
operating temperatures before the fluid level is checked. 
Leaks from the pan gasket may occur in the area of the 
exhaust system. Overfilling can cause fluid to be expelled from 
the dipstick tube, which is frequently over the exhaust mani- 
fold. Fluid expulsion can also result from the transmission 
operating under heavy load. This can also occur if the wrong 
type of fluid is added to the transmission. 


22.5.6 Accessories to the Mechanical Power System. Air-con- 
ditioning compressors, power steering pumps, air pumps, and 
vacuum pumps are all mechanical devices that may be attached 
to the engine. All of these devices have their own potential to 
malfunction. If a malfunction is suspected in one of these 
devices, an appropriate reference manual should be consulted. 


22.5.7 Hydraulic Braking System. The hydraulic braking sys- 
tem is activated by a foot pedal connected to a master cylinder. 
This master cylinder is connected with tubing to the wheel or 
slave cylinders. Pressing the brake pedal produces higher pres- 
sure in the braking system, which is transmitted to the slave 
cylinders. This brings the brake linings (shoes and pads) in 
contact with the brake drums or rotors, creating friction, 
which stops the vehicle. Brake systems work under high pres- 
sures and even a small leak can produce a spray that can be 
ignited if it contacts an ignition source. 


22.5.8 Windshield Washer Systems. Washer fluid is typically 
high in alcohol content. Windshield washer solvent, if sprayed 
ona hot surface, can form a vapor that may become ignited. The 
condition of the windshield washer fluid reservoir(s) should be 
documented, noting crushing or rupture. The windshield 
washer solvent reservoir is usually a plastic material and may be 
consumed in a fire. If this is the case, note whether body parts 
have penetrated the space that would have been occupied by the 
reservoir. Some systems use heated nozzles to keep the washer 
fluid from freezing. A malfunction in the heater may cause a fire. 
Solutions sufficiently diluted by water will not ignite. 


22.6 Body Systems. Many body panels of modern motor vehi- 
cles are made of plastic, polymers, or fiberglass materials and 
will burn during a fire. These materials by themselves do not 
pose a significant fire hazard; however, after a fire begins, they 
may significantly add to the fuel load. Often the entire cab of 
a tractor will be consumed, or door and hood panels will be 
gone. The inside panels of the front fenders in many cars are 
plastic; when they burn through, additional ventilation will be 
available for engine compartment fires. It should be noted 
that aluminum, magnesium, and their alloys are being used in 
panels in some vehicles. These panels will burn, often with 
great intensity. The partition between the engine compart- 
ment and the passenger compartment is commonly referred 
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to as either the fire wall, cowling, or bulkhead. In modern motor 
vehicles, this partition may have numerous penetrations, some 
associated with the heating and air-conditioning system ducts. 
The ducts are usually made of reinforced plastic and can burn, 
resulting in a path for fire spread into the passenger compart- 
ment. Fire can also spread by conduction through the metal 
partition to combustibles under the dash. 


22.6.1 Interior Finishes and Accessories. The interior finishes 
and furnishings (seats and padding) of most motor vehicles rep- 
resent a significant fuel load. If the vehicle is burned out, try to 
determine what the original interior fuel load was and how it was 
arranged. Document the presence (or absence) of seats and 
accessory equipment such as radios, CD players, or telephones. 


22.6.2 Cargo Areas. A motor vehicle fire may involve the 
trunk of an automobile, the storage areas of a motor home, or 
the cargo compartment of a truck. It is important to deter- 
mine whether the fire originated in or spread to these areas. 
The investigator should make an inventory of the materials 
that were present in these areas. Inspection of the debris may 
be sufficient, or it may be necessary to interview owners or 
occupants to obtain the information needed. 


22.7 Recording Motor Vehicle Fire Scenes. The same general 
techniques are employed for vehicles as are used for structure 
fires. Whenever possible, the vehicle should be examined in 
place at the scene. In many cases, however, the investigator may 
not have the opportunity to view the vehicle in place. For many 
reasons, the vehicle may have to be moved before the investiga- 
tor reaches the scene. Frequently, part of the documentation 
takes place at a salvage yard, repair facility, or warehouse. A vehi- 
cle fire inspection should include the procedures in 22.7.1 
through 22.7.5. 


22.7.1 Vehicle Identification. Identify the vehicle to be 
inspected and record the information. This will entail describ- 
ing it by make, model, model year, and including any other 
identifying features. The vehicle should be accurately identified 
by means of the vehicle identification number (VIN). The com- 
position of the VIN provides information on such things as the 
manufacturer, country of origin, body style, engine type, model 
year, assembly plant, and production number. The VIN plate is 
most commonly placed on the dash panel in front of the driver’s 
position. It may be affixed with rivets. If this plate survives the 
fire, the number should be recorded accurately. Manufacturing 
information is also frequently found on a combustible label on 
the driver’s door pillar. Many manufacturers also stamp at least 
a partial VIN on the engine side of the bulkhead. The bulkhead 
may be referred to as the dash and toe panel or the fire wall. It 
is the partition separating the machinery compartment from the 
passenger compartment. A brass bristle brush will clean this 
number so that it is legible. If the number is rendered unread- 
able or appears to have been tampered with, then the assistance 
of one of the following should be requested: 


(1) A police auto theft unit 


(2) A member of the National Insurance Crime Bureau in 
the U.S. 


(3) A member of the Canadian Automobile Theft Bureau in 
Canada 


These persons have the necessary expertise to identify the 
vehicle by means of confidential numbers located elsewhere 


on the vehicle. The VIN should be checked on either the 
National Crime Information Center (NCIC) or the Canadian 
Police Information Centre (CPIC) to ensure that there is no 
record outstanding on it. 


22.7.2 Vehicle Fire Scene History. For ease of discussion, the 
detailed examination is broken down by components or areas 
that have acommon function. It is suggested that an attempt be 
made to develop a scenario of the events leading up to the fire, 
as well as the progression of the fire itself. To do this, it is sug- 
gested that the operator of the vehicle, passengers, bystanders, 
the fire department personnel, and the police be interviewed 
separately. This information should be used to assist with the 
examination. Information regarding the operation of the vehi- 
cle immediately prior to the fire should be obtained from oper- 
ator and/or owner to determine the following: 


(1) When the vehicle was last driven and how far 

(2) The total mileage on the vehicle 

(3) If the vehicle was operating normally (stalling, electrical 
malfunctions) 

(4) When the vehicle was last serviced — oil changed, repairs 

(5) When the vehicle was last fueled and the amount of fuel 

(6) When and where the vehicle was parked 

(7) Ifthe vehicle was seen again prior to the fire 

(8) What equipment the vehicle was equipped with — radio, 
CD, CB, mobile phone, electrical windows, seats, custom- 
ized wheels, and so on 

(9) What personal items were in the vehicle — clothing, 
tools, and so on 


If the vehicle was being driven at the time the fire occurred, 
the following additional points should be covered: 


(1) How far the vehicle had been driven 
(2) What the route of travel was 


(3) Ifit was loaded, towing a trailer, being driven fast, and so 
forth 


(4) Ifthe vehicle was operating normally 

(5) When the vehicle was last fueled and the amount of fuel 

(6) When and where the smell, smoke, or flame was noticed 
first 

(7) How the vehicle reacted — stalling, racing erratically, or 
indications of electrical malfunctions 

(8) What the operator did 

(9) What was observed 

(10) What attempts there were to put the fire out and how 

(11) The length of time the fire burned before help arrived 


(12) The total length of time the fire burned until it was extin- 
guished 


22.7.3 Vehicle Particulars. Once the vehicle has been posi- 
tively identified as being the subject of the investigation, the 
mechanical functions of that particular vehicle, its composi- 
tion, and its fire susceptibility should be reviewed. To ensure 
that no details are overlooked, the investigator may examine 
a vehicle of similar year, make, model, and equipment, or the 
appropriate service manuals. The use of a checklist such as 
the one shown in Figure 22.7.3 may assist the investigator in 
the complete inspection of the vehicle. This checklist is not 
intended to be all inclusive. It may not apply to a given inves- 
tigation and additionally may not cover all items that an 
investigator may identify at the scene. 
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FIGURE 22.7.3 Vehicle fire field notes. 


VEHICLE INSPECTION FIELD NOTES 


Job # Claim # 


Date of Loss 


Insured 


Date of Assignment 


Address (City, State) 


Date of Receipt 


Loss Location 


Date of Inspection 


Insp Location 


Stolen? OYes (No Recovered By 


at 


Police Report 


Fire Report 


#of Keys 


Hidden Keys? Yes 4No_ Location 


Alarm System? O Yes ONo 


Alarm Type 


VEHICLE 
Make 
VIN 


Odometer 


EXTERIOR 
Tires Tire Type 
LF 


Wheel Type 


Tire Tread Depth Lugs 


Missing 


LR 


RR 


RF 


SP 


Doors’ Glass Y/N 


LF 


Window UP/DOWN 


(un)Locked Open/Closed 


Prior Damage 


LR 


RR 


RF 


Body Panels Construction 


F Bumper 


Condition 


Prior Damage 


Grill 


LF Fender 


LR Quarter 


R Bumper 


RR Quarter 


RF Fender 


Hood 


Roof 


Trunk 


UNDER HOOD 
Engine 


Intact Missing 


Parts Missing 


Condition 


Battery 


Belts & Hoses 


Wiring 


Accessories 


FLUIDS 
Oil 


Condition 


Sample Taken 


Transmission 


Radiator 


Pwr Steer 


Brake 


Clutch 
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FIGURE 22.7.3 Continued 


Job # 


INTERIOR Intact Missing Parts Missing 
Dash Pod 


Condition 


Glove Box 


Strg Column 


Ignition 


Front Seat 


Rear Seat 


Rear Deck 


Make/Model 
Stereo 


Speakers 


Accessories 


FLOOR Sample Taken 
LF 


LR 


RR 


RL 


PERSONAL EFFECTS IN THE INTERIOR 


TRUNK OR CARGO AREA 


AFTERMARKET ITEMS NOT PREVIOUSLY DESCRIBED 


ATS 851B, 8/97 


(Vehicle Inspection Field Notes 2 of 2) 
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Information regarding fires and fire causes in vehicles of the 
same make, model, and year can be obtained from the National 
Highway Traffic Safety Administration, or from the Insurance 
Institute for Highway Safety, or from the Center for Auto Safety. 
All are located in Washington, DC. The DOT Auto Safety Hot- 
line number is 1-800-424-9393 or 1-202-366-0123. The Center 
for Auto Safety number is 1-202-328-7700. In Canada, contact 
the Department of Transport, Ottawa at 1-613-998-1992. 


22.7.4 Recording at the Scene. The investigator should make 
a diagram of the fire scene, showing points of reference and 
distances relative to the vehicle. The diagram should be of suf- 
ficient detail to pinpoint the location of the vehicle before its 
removal. The overall scene should be photographed, showing 
surrounding buildings, highway structures, vegetation, other 
vehicles, and impressions left by tires or footprints. All fire 
damage to any of the above items or signs of fuel discharge 
should be photographed and documented to help in the anal- 
ysis of the fire spread. The location and condition of any parts 
or debris that are detached should be documented. 


The vehicle should be photographed. The photographs 
should include all surfaces, including the top and underside. 
The underside can usually be documented as the vehicle is 
being loaded for transport. Both the damaged and undam- 
aged areas, including the interior and exterior damage, 
should be photographed. Complete interior photographs 
should include cross views from one side to the other. Floor 
photographs are particularly important prior to debris 
removal. They will show the position of items on the floor such 
as contents, ignition tumblers, and keys. 


Any evidence showing the path of fire spread either into or 
out of any compartment (engine, passenger, trunk, cargo, 
etc.), or within any compartment should be photographed. As 
with structure fires, the path of fire travel may be difficult to 
determine in a totally burned-out vehicle. 


The cargo spaces should be photographed. The type and 
quantity of cargo and any involvement in the fire should be 
noted. If possible, the removal of the vehicle(s) and any dam- 
age that results from the removal process should be docu- 
mented. Also, after removal of the vehicle(s), the scene should 
be photographed while noting burns on the earth or roadway, 
and the location of glass and other debris. Drawings and notes 
should be prepared to augment the photographs. 


22.7.5 Recording the Vehicle Away from the Scene. If the vehi- 
cle has been removed from the scene, a visit to the scene may be 
helpful. Photographs that were taken at the scene should be 
reviewed. Prior to the vehicle inspection, as much background 
information should be gathered as possible. This information 
should include date and time of loss; location of loss; operator, 
passenger, or witness statements; police and fire department 
reports; the vehicle’s current location; and method of transpor- 
tation (roll-back, tow-truck, driven, etc.). The basic process of 
documenting the condition of the vehicle is the same regardless 
of where it is. When the inspection is delayed and the vehicle is 
located at a remote location, parts may be missing or damaged. 
Additionally, the vehicle(s) may have been damaged by the ele- 
ments, and fire patterns, most notably those on metal surfaces, 
may be obscured. If outdoor storage is likely, arrangements 
should be made for the vehicle to be covered with a tarp or 
other suitable material. Often, rust developing on body panels 
within a few days of the fire can make burn patterns more visi- 
ble, but subsequent rusting can obscure burn patterns. 
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Even if the vehicle was examined at the scene, there are advan- 
tages to inspecting a vehicle away from the scene. For example, it 
is easier to move or remove body panels that may be blocking a 
view of critical parts. Power is often available, as are tools for dis- 
assembly, if needed. Frequently, arrangements can be made to 
have equipment such as a fork-lift available to raise the vehicle for 
a more detailed inspection. The vehicle should be thoroughly 
photographed as it is examined at locations away from the scene. 


22.8 Motor Vehicle Examinations. The examination of a motor 
vehicle after it has burned is a complex and varied task. As with 
structure fires, the first step is to determine an area of origin. 
Most motor vehicles can be divided into three major compart- 
ments: the engine compartment, the passenger compartment or 
interior, and the cargo compartment. The size, construction, and 
fuel load of these compartments can vary considerably. 


Examination of the exterior may reveal significant burn pat- 
terns. The location of the fire, and the way that the windshield 
reacts to it, may allow a determination of the compartment of 
origin. Diagrams illustrating burn pattern development as a 
function of compartment of origin are shown in Figures 
22.8(a) and 22.8(b). A passenger compartment fire will fre- 
quently cause failure at the top of the windshield and will leave 
radial burn patterns (burn patterns that appear to radiate from 
an area) on the hood, as shown in Figures 22.8(c) and 22.8(d). 


Engine fires, on the other hand, typically penetrate the 
interior on the passenger side and will cause failure at the bot- 
tom of the windshield. Radial patterns from an engine fire 
may be observed on the doors. Examples of patterns produced 
by engine fires are shown in Figures 22.8(e) and 22.8(f). 

Once a compartment of origin has been established, a 
detailed inspection can be made. As with a structure fire, the 
motor vehicle inspection should work from the area of least 
damage to the area of greatest damage. 


FIGURE 22.8(a) Burn pattern development from an interior 
origin. 


FIGURE 22.8(b) Burn pattern development from an engine 
compartment origin. 
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FIGURE 22.8(c) Radial burn pattern produced by 
a passenger compartment fire. 


FIGURE 22.8(f) Radial pattern on the passenger side door 
produced by an engine compartment fire. 


FIGURE 22.8(d) Radial burn pattern produced by 
a passenger compartment fire. 


FIGURE 22.8(e) Incipient windshield failure caused by 
an engine compartment fire. 


22.8.1 Examination of Vehicle Systems. After establishing a 
compartment of origin, the individual systems in that area can 
be examined. Using the system identifications and functions 
described in Section 22.5 through 22.5.8, an investigator 
should inspect a system and determine its condition and the 
possible involvement of that system in the fire. 

Inspect the gas tank for crushing or penetrations. Note the 
condition of the fuel filler pipe. Filler pipes are often two- 
piece systems with a rubber or flexible polymeric connection. 
This connection may release fuel by failing mechanically dur- 
ing an accident or may burn through from an exposure fire. 
Some filler systems are inserted into the tank through a rub- 
ber or polymeric bushing or gasket. Accident impacts may 
result in disconnection of the filler neck assembly from the 
tank and release of fuel. 

The presence or absence of the fuel tank cap and any fire 
or mechanical damage at the end of the filler should be noted 
and recorded. Many fuel tank caps have plastic or low-melting- 
temperature metal components that may be destroyed during 
the fire, with the result that the metal parts may become dis- 
lodged, missing, or found in the fuel tank. Fuel tanks exposed 
to heat or flame generally exhibit a line of demarcation that 
represents the fuel level at the time the fire was extinguished. 

Fuel supply and vapor return lines should be inspected for 
ruptures and indications of fire damage. These lines usually 
have rubber or flexible polymeric connection hoses at one or 
more points along their length that may be points of fuel 
release. Examine and record the condition of lines passing near 
the catalytic converter and in any location where nonmetallic 
fuel supply or vapor return lines pass near exhaust manifolds or 
other sources of heat or in locations subject to abrasion. 


22.8.2 Switches, Handles, Levers. During inspection of the 
vehicle interior, the position of switches should be noted to 
determine whether they were in the “on” position. An attempt 
should be made to determine if windows were up or down and 
what their condition was prior to the fire. The position of the 
gear shift mechanism should be noted, and the ignition switch 
should be examined, if possible, for any signs of a key, tamper- 
ing, or breaking of the lock. Most of these elements are made 
of material that will be easily consumed in a fire; however, 
there may be enough residue left to assist in the investigation. 
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22.9 Total Burns. Vehicles that have burned to completion 
pose special problems for determining the origin and cause of 
the fire. If a vehicle burns to completion, there may be no wit- 
nesses to interview and possibly no fire department response. 
The vehicle should be identified and documented completely. 
An attempt should be made to determine the condition of the 
vehicle at the time of the fire. If components are missing, an 
attempt should be made to determine if they were removed prior 
to the fire, or removed or lost after the fire. The pre-fire condi- 
tion of the engine and transmission can frequently be deter- 
mined by analyzing their fluids. Fire debris from the floorboards 
can be checked for the presence of ignitable liquid residues. 


22.10 Stolen Vehicles. Vehicles that are stolen or allegedly 
stolen present a special case. The likelihood that a vehicle sus- 
tained an accidental fire after being stolen is very low, but a 
thorough examination should still be conducted. Vehicles 
may be stolen for many reasons. One common motive is the 
theft for parts. If a thief steals a vehicle for parts, it may never 
be recovered. If it is recovered, it should be obvious that parts 
have been removed. Items of value that may be missing 
include wheels, most major body panels, engines and trans- 
missions, air bags, stereos, and seats. Another common motive 
for vehicle theft is to commit another crime. The thief will 
sometimes burn the vehicle to cover any evidence such as fin- 
gerprints. This thief may not remove any item from the vehicle 
and may use available materials in setting the fire. Vehicles are 
sometimes deliberately burned and reported stolen. Such 
vehicles may exhibit evidence of the fraud in the form of sub- 
stitution of inferior parts, such as wheels and sound systems. 


Engine oil analysis may be performed to determine the pre- 
fire condition of the engine and possible motive for the 
destruction of the vehicle. Samples of debris from the floors 
may be analyzed for the presence of ignitable liquids. This 
analysis will show the method of destruction. 


Assuming a total burn or near total burn, debris removal 
may reveal the presence of the vehicle’s ignition lock cylinder 
tumblers. This is the portion of the ignition switch that holds 
the key. Careful debris removal and documentation may show 
the key still in the lock cylinder tumblers. In some cases, the 
arrangement of the tumblers in the debris will indicate whether 
or not the tumblers were located inside the ignition lock cylin- 
der at the time of the fire. This information, as well as a micro- 
scopic evaluation of the tumbler lands, may show if the ignition 
was forced prior to the fire. If the tumblers are not found, this 
may indicate that the ignition lock cylinder was removed prior 
to the fire. The investigator may find the tumbler nearly intact 
in another portion of the vehicle. In this case, the tumbler will 
probably show evidence of forced removal. 


22.11 Vehicles in Structures. Motor vehicles are often stored 
in structures and may be damaged by a fire that occurs within 
the structure. The damage may include thermal effects of the 
fire and crushing of the vehicle by collapse of the structure. If 
the vehicle is located in the area of origin, then it should be 
examined as a potential fire cause, as outlined in Sections 22.5 
through 22.10. Conducting a thorough examination of this 
vehicle may include removing it from the debris, removing the 
hood and roof, removing debris from the interior, and elevat- 
ing the vehicle to examine its underside. 

Fires that start external to the vehicle may spread to the 
vehicle and cause the vehicle to sustain significant damage. 
External fire may also cause loss of integrity of fuel or other 
system components, including fuel lines and tanks, and may 
cause the release of ignitable liquids. 
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Vehicles that are in structures may be there for repair or 
rebuilding purposes. It is important to document the state of 
these efforts at the time of the fire. 


22.12 Recreational Vehicles. Recreational vehicles (and motor 
homes) and fires in them are similar in many ways to houses and 
mobile homes. Plywood flooring and paneling may be present, 
and there will often be large fuel items like polyurethane foam 
couches or mattresses. The examination should note the appli- 
ances present. Obtaining catalogs or sales brochures for these 
vehicles can help determine what appliances and furniture 
were present before the fire. 

As with all the other types of inspections, proper back- 
ground checks of prior problems, recalls, repairs, and mal- 
functions should be obtained. In some cases, appliances 
designed for residential uses, such as a refrigerator or a fur- 
nace, will be placed in a recreational vehicle as a replacement 
for the original item. Often, these items require different 
clearances and power supplies to operate properly. 

On RVs, tolerances and clearances designed into the coach 
are sometimes critical, depending on the system. In removing 
any of these items, the investigator can destroy key pieces of 
information relevant to a potential cause. (See Section 14.3.) 


22.13 Heavy Equipment. Heavy equipment includes earth moy- 
ing, mining, forestry, landfill, and agricultural equipment. These 
vehicles have a significant materials-handling function in addi- 
tion to the locomotive function. This equipment is usually diesel 
powered and usually has an hydraulic transmission. Heavy equip- 
ment is subject to the same failure modes as ordinary vehicles, 
but it is also susceptible to failure due to overloading the trans- 
mission, failure of the hydraulics involved in materials handling, 
bearing failures, and ignition of the material being handled. 
Investigation of a heavy equipment fire requires a knowledge of 
the systems involved, including the specific systems peculiar to 
that type of vehicle. Some heavy equipment is equipped with 
fixed suppression systems. Suppression systems for surface min- 
ing equipment are discussed in NFPA 121, Standard on Fire Protec- 
tion for Self-Propelled and Mobile Surface Mining Equipment. 


Chapter 23 Wildfire Investigations 


23.1 Introduction. Wildfire investigation involves specialized 
techniques, practices, equipment, and terminology. While the 
basic principles of fire science and dynamics are the same, in 
a wildfire scenario, the fire development and spread is influ- 
enced by different and sometimes additional factors. 

The purpose of this chapter is to identify and explain those 
aspects unique to wildfire investigation. This is a subject mat- 
ter with varying levels of expertise, and this chapter is 
intended as a basic introduction. As with other types of fire 
investigation covered in this guide, specialized personnel may 
be needed to provide technical assistance. 

Wildfire fuels are classified as woody or herbaceous vegeta- 
tion. These materials ignite at a range of temperatures, 
depending on their moisture content, oil content, and min- 
eral content. The ease of ignition of materials is dependent 
upon the size and nature of the fuels, oil and mineral content, 
the weather conditions, topography, and aspect. When 
exposed to sunny days for a period of time, the fuel dries, 
allowing easier ignition and spread. Conversely, during humid 
or wet weather or in shady areas, the fuel absorbs moisture, 
thereby requiring longer exposure time or higher tempera- 
tures for ignition. Topography not only affects fire spread due 
to physics but also affects the ease of ignition, due to wind, 


WILDFIRE INVESTIGATIONS 


921-183 


shade, and other factors that influence the moisture content 
and temperature of the fuels. 

As an example, an acknowledged cause of wildfire is burning 
carbon particles from engine exhaust, but even then, ignition is 
dependent on levels of relative humidity; fuel moisture content, 
size, density, and arrangements; and temperature of the fuels. 

In a wildfire, fire spread is influenced by convected and 
radiant heat. Convected heat allows the fire to spread from the 
lower level grasses and duff to the upper level branches and 
crowns. Radiant heat then becomes dominant as the primary 
heat transfer method, as the fire progresses laterally. Radiant 
heat is the dominant heat transfer method in lower level fuels, 
comprised of brush and grass on level surfaces. 


23.2 Wildfire Fuels. Keen observation of variations in wild- 
fire fuels is essential in analyzing fire behavior reliably. 


23.2.1 Flammability Analysis. In a wildland, great differences 
exist in the character of flammable materials. Deep duff, newly 
fallen dead leaves, clumps of grass, litters of dry twigs and 
branches, downed logs, low shrubs, green tree branches, hang- 
ing moss, snags, and many other types of material are present. 
Each of these materials has distinctive burning characteristics. 
The flammability of a particular fuel body is governed by the 
burning characteristics of individual materials and by the com- 
bined effects of the various types of materials present. 

Before flammability can be analyzed, the physical charac- 
teristics of combustible wildland materials must be classified. 
Such a classification permits the identification of the fuel fac- 
tors that influence flammability. After the fuel has been classi- 
fied properly, topographic and weather factors must be 
considered before the rate of spread and the general behavior 
of fires in that fuel can be determined. 

Because forest fuels are so varied and complex, it is neces- 
sary to develop a systematic approach to flammability analysis. 
First, the fuel body is subdivided into two broad classes, 
ground fuels and aerial fuels. Then each of these classes is 
evaluated according to the arrangement, compactness, conti- 
nuity, volume, and moisture content of the principal materials 
involved. Aspect also affects the flammability of fuels: south- 
west-facing slopes heat up to a greater extent. With practice, 
this procedure can be performed quickly and easily. 


23.2.2 Ground Fuels. Ground fuels include all flammable mate- 
rials lying on or immediately above the ground or in the ground. 
The principal materials may include duff, peat soils, tree roots, 
dead leaves and coniferous litter, grass, fine dead wood, downed 
logs, stumps, large limbs, low brush and young stands of trees. 


23.2.2.1 Duff. Duff seldom has a major influence on the 
spread rate of fire, as it is typically moist and tightly com- 
pressed so that little of its surface is freely exposed to air, and 
its rate of combustion is slow. In forest fires, most of the duff 
is consumed down to mineral soil. Occasionally, duff contrib- 
utes to the rate of spread by furnishing a path for the fire to 
creep along between patches of more flammable material. 


23.2.2.2 Roots. Roots are not an important factor in rate of 
fire spread, as the greatly restricted air supply prevents rapid 
combustion. However, fires can creep slowly in roots — in fact, 
some fires have escaped control because a root provided an 
avenue for the fire to cross the control line. The most flamma- 
ble roots are the large laterals stemming from dead snags. 


23.2.2.3 Dead Leaves and Coniferous Litter. As leaves and 
coniferous litter decay on the ground, they gradually become 
part of the duff layer. Before this decay takes place, however, 


leaves and coniferous litter are a highly flammable material 
and should be considered separately in evaluating ground 
fuels. In many forests, surface fuels are composed primarily of 
needles dropped from coniferous trees. Ponderosa pine nee- 
dles, for example, are extremely flammable because their 
large size and shape create a loose arrangement, allowing free 
circulation of air. Smaller needles, like those of Douglas fir, 
generally burn less intensely, as they are more tightly com- 
pacted on the ground. 

Needles that are still attached to dead branches are espe- 
cially flammable because they are exposed freely to air and are 
not typically in direct contact with the more moist material on 
the ground. Needles remaining on fallen limbs form highly 
combustible kindling for larger material. For this reason, log- 
ging slash containing dry needles is dangerous fuel. 


23.2.2.4 Grass. Grass, weeds, and other small plants are 
important ground fuels that influence rate of fire spread. The 
key factor in these fuels is the degree of curing. Succulent green 
grass acts as a fire barrier. During the course of a normal fire 
season, however, grass gradually becomes drier and more flam- 
mable as the plant cures or as the stems and leaves die due to 
lack of moisture. At this time, the grass cover becomes easily 
ignitable. Cured grass, if present in a large and uniform volume, 
becomes the most flammable, fastest spreading ground fuel. 

Grass and other small plants occur on the floor of almost all 
forests. Fire investigators need to determine the volume and con- 
tinuity of the grass cover. In dense forests where little sunlight 
reaches the ground, very little grass is found. In more open forests, 
such as in mature stands of pine, there may be a large amount. If 
there is a more-or-less continuous cover of dry grass on the forest 
floor, the spread rate of a fire will be governed largely by that 
cover, rather than by the heavier fuels normally associated with a 
forest. Fires in dry grass often have high rates of spread. 


23.2.2.5 Fine Dead Wood. Fine dead wood consists of twigs, 
small limbs, bark, and rotting material. Normally, the fine 
dead wood classification is confined to material with a diame- 
ter of less than 2 in. (50.8 mm). These fine dead ground fuels 
are among the most important of all materials influencing the 
rate of fire spread and general fire behavior in forest areas. 
Fine dead wood ignites easily and often provides the main ave- 
nue for carrying fire from one area to another. It is the kin- 
dling material for larger, heavier fuels. 

In areas where a great volume of fine dead wood exists, a 
fire can rapidly develop tremendous heat. The greatest vol- 
ume of fine dead wood is usually found in areas containing 
logging slash. Under dry conditions, fires in such areas burn 
violently, and the strong convection currents created by the 
intense heat pick up burning embers and throw them out 
ahead, causing spot fires beyond the main fire front. 

Granulated dry rotten wood, while not an especially impor- 
tant factor in the rate of fire spread, is a highly ignitable fuel. 
Flying embers from the main fire often cause spot fires in rot- 
ten wood lying on the ground or in hollow places on old logs 
or stumps. 


23.2.2.6 Downed Logs, Stumps, and Large Limbs. Heavy fuels, 
such as downed logs, stumps, and large limbs, require long 
periods of hot, dry weather before they become highly flam- 
mable. When such material reaches a dry state, however, very 
hot fires may develop. The most dangerous heavy fuels are 
those containing stringers of dry wood, shaggy bark, or many 
large checks and cracks. Smooth-surfaced material is less flam- 
mable, as it dries out more slowly, has little surface exposed to 
air, and contains less attached kindling fuel. 
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Extremely hot fires may develop in piles of downed logs 
and large limbs or in crisscrossed windfalls, as the various fuel 
components radiate heat to each other. Individual limbs and 
logs will not burn very hot unless the fire is supported by large 
accumulations of fine dead wood. 


23.2.2.7 Low Brush and Reproduction. Low brush, tree seed- 
lings, and small saplings are classified as ground fuels because 
they are so closely intermixed with the flammable material on 
the forest floor. This understory vegetation may either acceler- 
ate or slow down the spread rate of a fire. During the early part 
of a fire season, the shade normally provided by understory 
vegetation prevents other ground fuels from drying out rap- 
idly. As the season progresses, however, continued high air 
temperature and low relative humidity dry out both the fuel 
lying on the ground and the understory vegetation. When this 
happens, most of the low vegetation, particularly small conif- 
erous trees, become fire carriers. 

The understory vegetation in a forest often provides a link 
between ground fuels and aerial fuels. The crowns of small 
trees may catch fire and, in turn, spread the fire to aerial fuels 
in the forest canopy. Either thickets of reproduction or dead 
brush may provide the first means for a surface fire to flare up 
and spread into the crowns of the overstory trees. 


23.2.3 Aerial Fuels. Aerial fuels include all green and dead mate- 
rials located in the upper forest canopy. The main aerial fuel com- 
ponents are tree branches, crowns, snags, moss, and high brush. 


23.2.3.1 Tree Branches and Crowns. The live needles of conif- 
erous trees are a highly flammable fuel. Their arrangements on 
the tree branches allow free circulation of air. In addition, the 
upper branches of trees are more freely exposed to wind and sun 
than most ground fuels. These factors, plus the volatile oils and 
resins in coniferous needles, make tree branches and crowns 
important components in aerial fuels. 

Tree branches and crowns are fuels that can flash quickly 
with changes in relative humidity. Crown fires seldom occur 
when relative humidity is high. However, coniferous needles 
dry out quickly when exposed to hot, dry air. The dryness of 
needles is influenced by the transpiration process in a tree. 
When the ground is moist, trees pump a large amount of mois- 
ture into the air through the leaves. As the ground becomes 
drier, the transpiration process slows, and, as a result, leaves 
and branches become drier and more flammable. 

Dead branches on trees are an important aerial fuel. Con- 
centrations of dead branches, such as those found in insect- or 
disease-killed stands, may cause fire to spread from tree to 
tree. Concentrations of dead branches on the lower trunks of 
trees may provide an additional avenue for fires to spread 
from ground fuels into tree crowns. The most flammable dead 
branches are those still containing needles. 


23.2.3.2 Snags. Snags, or tree stumps, are one of the most 
important aerial fuels that influence fire behavior. Although 
green trees greatly outnumber snags in most forests, fires start 
in snags because they are drier and much easier to ignite. 

Snags vary widely in character and, consequently, in their 
effect on fire behavior. Smooth, solid snags that contain very 
little bark and few checks or cracks are not highly flammable. 
On the other hand, broken-topped, shaggy-barked, or par- 
tially decayed snags ignite easily and have a major influence on 
the spread of fires. Burning embers blown from shaggy-barked 
snags are prolific starters of spot fires. In areas containing 
large numbers of snags, fire may spread from one trunk to 
another because of the intense radiation of heat. 
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23.2.3.3 Tree Moss. Moss hanging on trees is the lightest and 
the most apt to flash of all aerial fuels. Moss is important prin- 
cipally because it provides a means of spreading fires from 
ground fuels to other aerial fuels or from one aerial compo- 
nent to another. Like other light fuels, moss reacts quickly to 
changes in relative humidity. During dry weather, crown fires 
may develop easily in heavily moss-covered stands. 


23.2.3.4 High Brush. Crowns of high brush are classified as 
aerial fuels because they are separated distinctly by distance 
from ground fuels. In many forest regions, heavy stands of 
brush may develop in old burns, and they often form the prin- 
cipal vegetative cover in such areas. Crown fires in brush fuels 
ordinarily do not occur unless heavy ground fuels are present 
to develop the required heat. In some brush stands, however, a 
high proportion of dead stems may create a sufficient volume 
of fine dead aerial fuels to permit very hot and fast-spreading 
crown fires. Key factors in evaluating the behavior of fires in 
high brush are volume, arrangement, the general condition of 
ground fuels, and the presence of fine dead aerial fuels. 


23.3 Factors Affecting Fire Spread. Major factors to be con- 
sidered in the determination of the possible area of fire origin 
is the wind speed and direction. These factors relate directly 
to the resulting speed of the fire spread. This is most easily 
observed when working backward from the position of the fire 
head, flank, or heel. 


23.3.1 Lateral Confinement. When wildfires are confined by 
landforms such as gullies, ravines, or narrow valleys, convective 
heating by confined gases and radiation feedback from flames 
and burning vegetation increases the heat release rate of the 
burning fuels. These factors may result in a more rapid com- 
bustion and spread than that of an unconfined vegetation fire. 


23.3.2 Wind Influence. Wind greatly affects the speed at 
which a fire will spread. The fanning effects of the wind push 
the flame ahead, resulting in a preheating of the fuel. The wind 
also assists in drying out vegetation, increasing the ease of igni- 
tion. Wind further results in the creation of airborne fire- 
brands, carried aloft by the heated convective air column. The 
accompanying fire wind can blow embers and hot sparks ahead 
of the main fire to ignite secondary fires in areas of unburned 
fuel. Three different types of wind influencing fire behavior are 
classified as meteorological, diurnal, and fire winds. 


23.3.2.1 Meteorological Winds. Meteorological wind is caused 
by atmospheric pressure differentials in upper level air masses 
that generate regional weather patterns. The earth’s rotation, 
oceans, and topographic features create these major air move- 
ments to form wind and pressure belts. 


23.3.2.2 Diurnal Winds. Diurnal winds are formed by solar 
heating and nighttime cooling. As air warms during daytime, 
the rising air creates upslope winds. When air cools after sun- 
set, this denser, heavier air sinks and causes downslope winds. 


23.3.2.3 Fire Winds. Fire winds are caused by the fire itself. 
These winds are the result of the entrainment of air by the ris- 
ing fire plume. Fire winds influence the spread of the fire. 


23.3.3 Fire Head. The portion of a fire that is moving most 
rapidly is called the fire head. The direction the local wind is 
blowing while the fire is burning primarily determines the 
route of the head’s advance, subject to influences of slope 
and other topographic features. Large fires burning in more 
than one drainage or fuel type can develop additional heads. 
The head is generally the area of most intense burning and 
greatest fire intensity. 
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23.3.4 Fire Heel. The fire heel is located at the opposite side 
of the fire from the head. The fire at the heel is less intense 
and is easier to control. Generally, the heel will be backing or 
burning slowly against the wind or downhill. 


23.3.5 Fuel Influence. Fuel type and characteristics provide 
the second greatest influence on the rate of spread and inten- 
sity of the fire. 


23.3.5.1 Species. The species involved can determine the 
rate of spread and intensity of the fire. Each type of vegetation 
has different characteristics, that is, size, moisture content, 
shape, and density. 


23.3.5.2 Fuel Size. A major factor governing the ignitability 
and burning rate of a fuel is its size. The smaller the fuel element 
(surface area to mass ratio), the easier it will be to ignite and the 
faster it will be consumed. These smaller fuels are classified as 
fine fuels and are comprised of such items as seedlings and small 
trees, twigs, dry grass, brush, dry field crops, and pine needles 
and cones. Larger diameter fuels, classified as heavy fuels, are 
much more difficult to ignite and burn slower than light fuels. 
Most often, it requires burning light fuels to serve as kindling to 
ignite the heavier fuels. Some examples of heavy fuels are large- 
diameter trees and brush, large limbs, logs, and stumps. 


23.3.5.3 Moisture Content. The amount of moisture present 
in the fuel plays a major role in determining the ignitability 
and the rate of fire spread. As the vegetation (fuel) dries out, 
it becomes more readily ignitable and will burn with greater 
intensity. Green vegetation, or vegetation having greater mois- 
ture content is more difficult to ignite and will burn more 
slowly due to the moisture within the vegetation absorbing the 
heat during evaporation. Once the moisture is removed, the 
temperature will continue to rise to the fuel’s ignition temper- 
ature. The moisture content of the fuel will vary, depending 
on the type and condition of the vegetation, solar exposure, 
weather, and geographic location. 


23.3.5.4 Oil Content. The amount of oil within vegetation 
likewise plays a role in the fuel’s ease of ignition, fire intensity, 
and spread factors. 


23.3.5.5 Fuel Types: Ground, Surface, and Crown. Fuels can 
be arranged into three different categories: ground fuels, sur- 
face fuels, and crown fuels. Ground fuels lie between the 
ground surface and mineral soil. Examples are decomposing 
matter, peat, duff, and roots. Ground fuels, such as roots or bur- 
ied lengths of wood, can burn along their entire length under- 
ground and can ignite a surface fire in a different location. 
Surface fuels include grasses, leaves, twigs, needles, field crops, 
slash, and downed limbs. Anything under 6 ft (2 m) in height 
can be considered surface fuel. Crown fuels, in the tops of trees, 
are separated from surface fuels. They are typically considered 
fuels greater than 6 ft (2 m) in height. Examples are hanging 
mosses, branches, limbs, leaves, needles, and tree crowns. 

The sparseness or density of the fuel cover is the basic fac- 
tor in fire propagation. Sparse fuels may be too widely spaced 
for the fire to preheat neighboring fuels to their ignition tem- 
perature. On the other hand, fuels in close proximity can 
cause increased fire intensity, extend flame lengths, and accel- 
erate fire spread. 


23.3.6 Topography. Topography relates to the form of natu- 
ral or man-made earth surfaces. Topography affects the inten- 
sity and spread of a fire. Winds, as well, are greatly affected by 
the topography of the land. 


23.3.6.1 Slope. A topographical feature that has a resounding 
effect on fire spread is slope. The slope of an area is determined 
by measuring the rise over run, or the change in elevation over 
a given distance and is often expressed as top third, middle 
third, and bottom third. Slope allows the fuel on the uphill side 
to be preheated more rapidly than if it were on level ground. 
This allows the fire to burn with more intensity and speed. Wind 
currents, which prevalently move uphill during the day, can 
accelerate the fire uphill at alarming rates. Slope may also result 
in burning logs and embers rolling down the hill, starting spot 
fires below the primary fire and across control lines. 


23.3.6.2 Aspect. The aspect of the slope is the direction in 
which the slope faces. This is an important consideration 
because of solar heating (or lack thereof) on the fuel and 
ground surface, raising the potential for ignition, and increas- 
ing the rate of spread. Slopes facing the sun are typically drier, 
and they may have a more combustible fuel type or character 
of vegetation than nonfacing slopes, resulting in a greater ease 
of ignition and faster spread. Scant rainfall and poor soil qual- 
ity may create a sparse fuel supply, inadequate to support fire 
spread unless extremely strong winds are present. 


23.3.7 Weather. Weather plays a substantial role in the behav- 
ior of wildfires. Weather elements can be described as the state 
of the atmosphere with respect to atmospheric stability, tem- 
perature, relative humidity, wind velocity, cloud cover, and 
precipitation. 


23.3.7.1 Weather History. An important item to consider 
during an investigation is the weather history. Weather history 
is a description of atmospheric conditions over the preceding 
few days or several weeks. Weather elements should be ana- 
lyzed to determine what influences they may have had on the 
fire’s ignition and burning characteristics. 


23.3.7.2 Temperature. The temperature of the ambient air 
directly influences the temperature of the fuel. The sun is one 
factor that affects temperature. As the radiant solar energy of 
the sun heats the ground and vegetation, the fuel becomes 
more susceptible to ignition. Temperature differences of 
more than 50°F can occur between shaded areas and areas 
exposed to direct sunlight. Another factor influencing tem- 
perature is altitude. The lower air pressure at high altitudes 
allows the air to expand and cool. 


23.3.7.3 Relative Humidity. Humidity is the measure of water 
vapor suspended in air. Humidity is usually expressed as rela- 
tive humidity, which is the ratio of the amount of moisture in 
the air to the amount that known volume of air can hold, 
expressed as a percentage. The moisture in the air directly 
affects the amount of fuel moisture and vice versa. Dry air will 
draw moisture out of the vegetation, making it more suscepti- 
ble to fire. Fine fuels are more responsive to relative humidity 
than are large fuels. If the air has a high relative humidity, the 
vegetation will take in some of that moisture, making it less sus- 
ceptible to ignition, or the moisture may slow the rate of 
spread of a fire in progress. Warm air can hold more water 
than can cool air. This is illustrated by early morning dew. As 
the night air cools, the air loses its ability to hold moisture. The 
moisture condenses at the air’s dew point and forms the dew. 


23.3.8 Suppression. Fire suppression is the combination of 
all activities that lead to the extinguishment of the fire. Sup- 
pression includes everything from the initial stage of fire dis- 
covery to the final stage of completely extinguishing the fire. 
Protection by fire crews of potential areas of origin is of 
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extreme importance in establishing the fire origin and cause. 
It may be useful for the investigator to review and analyze the 
fire suppression tactics and their effects on spread to assist in 
identifying the fire origin. 


23.3.8.1 Fire Breaks. Fire breaks, fire lines, or control lines 
are any natural or man-made barriers used to stop the spread 
or reroute the direction of the fire by separating the fuel from 
the fire. Natural fire break examples are bodies of water, cliffs, 
and areas lacking vegetation. Examples of man-made breaks 
include roads, fire lines, pre-burned areas, and water or retar- 
dant or foam barriers. 


23.3.8.2 Air Drops. An air drop is the aerial application of 
water, slurry, or retardant mixture directly onto the fire, onto 
the threatened area, or along a strategic position ahead of the 
fire. Aircraft also drop retardant on uninvolved areas to stop 
or slow the spread of fire. Air drops may alter fire indicators in 
or near drop zones. 


23.3.8.3 Firing Out. Firing out is the process of burning the 
fuel between a fire break and the approaching fire to extend the 
width of the fire barrier. It is used as an offensive attack on the fire 
and should be done only by experienced personnel. These fires 
are normally started at a fire control line (normally on the down- 
wind side of the fire) and are burned back toward the leading 
edge of the fire. Several different sources of ignition are used, 
including drip torches, fusees, matches and Helio torches. 


23.3.8.4 Class A Foam. Class A foam is a mechanically gener- 
ated aggregation of bubbles that have a lower density than 
water. The foam is made by introducing air into a mixture of 
water and foam concentrate. 

The bubbles adhere to the wildfire fuels or other Class A 
fuels and gradually release the moisture they contain. Bubbly 
water adsorbs heat more efficiently than plain water, and the 
bubble mass provides a barrier to oxygen, necessary to sustain 
combustion. The reduced rate of water release results in more 
efficient conversion of water to steam, providing enhanced 
cooling effects and, along with surfactant contained in the 
solution, allows the water to penetrate the fuels and reach 
deep-seated fires. The bubble mass also provides a protective 
barrier for unburned and exposed fuels. 


23.3.9 Other Natural Mechanisms of Fire Spread. The direc- 
tion and rate of fire spread may be altered by natural or self- 
induced means. 


23.3.9.1 Wind-Borne Embers and Firebrands. Hot embers and 
brands can be picked up by wind and blown into unburned fuel 
great distances from the original fire. These embers often start 
what are known as spot fires. In some instances, these secondary 
fire origins may be mistaken for separate fires set by an arsonist. 


23.3.9.2 Fire Storms. A fire storm is an intense and violent 
convection fire, fed by self-induced winds. The indrafts cre- 
ated by the fire’s convection column may be strong enough to 
uproot vegetation and propel small rocks. One characteristic 
of a fire storm is the tornadic fire whirls, which accompany the 
powerful indrafts. 


23.3.10 Wildland—Urban Interface. Wildland—urban interface 
can be described as a region in which the hazard of combustible 
wildland fuels and structures such as homes are found in the 
same vicinity. NFPA 299, Standard for Protection of Life and Property 
jrom Wildfire, defines urban interface as “an area where improved 
property and wildland fuels meet at a well-defined boundary.” In 
these situations, the investigator must determine if the fire began 
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at the structure or in the wildland area. These areas are an easy 
target for arsonists because of the extended response time of 
emergency personnel that results from difficulty in traversing 
narrow roads and trouble in locating the fire. 


23.3.11 Animals. Animals and birds can spread fire from 
flaming fur or feathers. Animals have been set afire acciden- 
tally and deliberately to start a wildfire or, as a fire victim, 
burned animals can start fires in unburned areas during their 
flight. A bird’s feathers or an animal’s fur can be ignited by 
contact with power lines and can start a wildfire when the elec- 
trocuted body falls to the ground. 


23.4 Indicators. The indication of the direction of a fire’s 
spread is imprinted on partially burned fuels and noncombus- 
tible objects. These visual indicators may include differential 
damage, char patterns, discoloration, carbon staining, shape, 
location and condition of residual unburned fuel. Analysis of 
the directional pattern shown by multiple indicators in a spe- 
cific area will identify the path of fire spread through this site. 
By applying a systematic approach to backtrack the progress of 
the fire, the investigator can retrace the path of the fire to the 
point of origin. This procedure is the accepted and standard 
technique in wildfire investigation. 


23.4.1 Wildfire “V”-Shaped Patterns. Wildfire “V’-shaped 
patterns are horizontal ground surface burn patterns gener- 
ated by the fire spread. When viewed from above, they are gen- 
erally shaped like the letter “V.” These are not to be confused 
with the traditional plume-generated vertical V patterns asso- 
ciated with the structure fire investigations. 


These V-shaped patterns are affected by wind direction, or 
the slope on which the fuel is located. As the fire spreads in the 
direction of the wind or up a slope, the widening legs of the V 
are created. The width of the pattern increases as the fire 
advances from the area of ignition. The origin of the heat 
source that created the pattern often is found at or near the 
base or most narrow point of the pattern. Therefore, the anal- 
ysis of these horizontal V-shaped patterns can be useful in 
identifying a general location of the fire origin. 


23.4.2 Degree of Damage. The degree of damage to fuels is an 
indication of the intensity and the direction of fire passage. 
Leaves, branches and limbs will show greater damage on the side 
from which the fire approached. This is one of the useful indica- 
tors in determining the direction of frontal fire spread. Also, 
items lying on and protecting fuels leave a pattern that can assist 
in locating the origin. Vegetation on the side of an object 
exposed to an oncoming fire front will be burned away, while the 
basal stems of vegetation adjacent to the reverse (shielded) side 
will remain only partially burned. Also, items lying on and pro- 
tecting fuels leave a similar pattern on residual vegetation. 


23.4.3 Grass Stems. As a low-intensity fire burns through the 
bottoms of grass stems, the stems topple over into the fire. If 
those stems fall into burned area behind the head, they may stay 
unburned. Grass stems that fall ahead of the fire or topple 
against adjacent unburned fuels will be consumed by the 
oncoming fire. Therefore, unburned grass stalks or seed heads 
observed lying on the ground will generally point in the direc- 
tion the fire approached and opposite the fire spread direction. 


23.4.4 Brush. More upper foliage will be burned on the exit 
side, and some upper branch tips will fall unburned to the ground 
on the entry side. The lower stem bundle will be burned more 
deeply from direct exposure to the approaching frontal fire. 
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23.4.4.1 Ash Deposits. Ash will not be found on fuels that 
were still burning when the ash came to rest. The pattern of 
ashes when found often will reveal wind direction. Fuel vol- 
ume can be reconstructed with fair accuracy from the amount 
of ash present. 


23.4.4.2 Cupping. Cupping normally occurs on the wind- 
ward side of a stub of timber, brush, or grass. This is the side 
exposed to the most wind and should be expected to char the 
deepest, while the other side remains relatively cooler and 
protected by the remains of the exposed side. This effect takes 
place even in grass, which can be examined closely by rubbing 
the back of the wrist over the burned grass. When rubbed in 
the direction that the fire burned, there will be a velvety feel- 
ing but when rubbing in the opposite direction, there will be 
a feeling of some suction and a prickling on the wrist. The 
hand should be moved in all directions until the most velvety 
and most resistant directions are established. 

The tips of burned stubs will be blunt or cupped on the 
upwind side, whereas burned stubs on the downwind side will 
be sharp and point in the direction of fire travel. 


23.4.4.3 Die-Out Pattern. Fires that die out after entering 
brush growth will show decreasing fire intensity, charring, and 
burned branch size. 


23.4.5 Trees. Trees are significant indicators of fire direction, 
particularly in areas of frontal fire damage. Fire movement is 
recorded at ground level around the root base and tree trunk 
and at flame height by the lower foliage and crown canopy. 


23.4.5.1 Trunk Char. The angle of char on opposite sides of a 
tree trunk will indicate direction of fire spread, but indicators 
are affected by slope and wind direction. When fire burns up- 
slope in an upslope wind, the angle of char on the tree will be 
greater than the slope angle of the hill. When fire burns down- 
hill against an upslope wind, the char line on the tree will be 
nearly parallel to the slope of the hill. When fire burns down- 
slope in a downslope wind, the angle of tree char will be higher 
on the downhill side because of the wrapping, eddy effect on 
the back of the tree. When fire burns upslope in a downslope 
wind, the char angle will be about level with the slope of the hill, 
with only light upslope damage of the tree trunk. 


23.4.5.2 Crown Damage. Convection and radiant fire heat 
will ignite the lower tree limbs to spread rapidly upward 
through the tree canopy into crown branches. This sequence 
can repeat several times in different fuel packages until suc- 
ceeding torch-like events have burned away the fuel supply. 
Wind action will drive the fire away from windward foliage and 
branches, reducing damage or leaving a triangular unburned 
area on the windward (approaching fire) side of the crown. 


23.4.6 Noncombustibles. Items left behind by the fire can 
leave clues as to how the fire burned. Soot stains left on non- 
combustible items can tell the investigator how intensely the 
fire burned and the direction of fire travel. 


23.4.6.1 Exposed and Protected Fuels. Protected areas may 
be observed when fuels are covered by another object or 
shielded by being on the opposite side of the approaching 
fire. Items directly exposed to the fire are susceptible to much 
deeper charring or staining than are unexposed or protected 
items. If an object has been lying on the fuel, it will protect that 
fuel from burning, and a distinct burn pattern will be left 
behind. The exposed, or fire, side of the pattern will have a 
defined line of demarcation beside the object. The opposite 


(shielded) side will have a varying, or less defined, damage 
outline along the object edge, creating a shadow of the object. 


23.4.6.2 Staining and Sooting. Rocks, cans, wood and metal 
fences, posts and unburned vegetation will be stained by 
oncoming fire on their exposed side. The staining is caused by 
small ash particles and airborne oils being deposited on the sur- 
face of the object. Carbon soot does the same thing to objects, 
but is caused by incomplete combustion and the natural fatty oil 
content in some vegetation. These fire products are typically 
more heavily deposited on the side facing the approaching fire. 


23.4.6.3 Loss of Material. As materials heat up, they undergo 
physical change. Typically, when wood or other combustible 
surfaces burn, they lose material and mass. The shapes and 
quantities of remaining combustibles can themselves produce 
lines of demarcation and, ultimately, fire patterns to be ana- 
lyzed by the investigator. (See 4.3.4.) 


23.5 Origin Investigation. The first objective of a wildfire 
investigation is to identify the area of origin. Considering the 
factors of wind, topography, and fuels, the origin is normally 
located close to the heel or rear of the fire. 


23.5.1 Initial Area of Investigation. The initial area of investi- 
gation can be determined from information from first-arriving 
fire fighters and eyewitnesses. The fire fighters and witnesses 
can verify the location and size of the fire during its early 
involvement. These accounts will assist the investigator in nar- 
rowing down the search area. 


23.5.1.1 Observations of Reporting Parties. The reporting party 
or parties may have seen the fire at an early stage and can provide 
valuable information that may assist in determining origin and 
cause. The observations of the reporting parties are important 
because origin investigation can be narrowed to the area burned 
at the time of the report. They may also be able to verify or sup- 
plement some of the information obtained from other witnesses 
and attack crews. 


23.5.1.2 Observation of Initial Attack Crew. The initial attack 
crew can play a vital role in the investigation by making obser- 
vations while en route and upon arrival on the scene. Crew 
members may be able to provide valuable information pertain- 
ing to both the investigative area and the identification of peo- 
ple or vehicles leaving the area, the weather, locks and gates 
that have been tampered with, and other damage or abnormal 
conditions. Also, if any potential evidence is found, it should 
be marked and protected. Questions to ask first-arriving crews 
include the location of the fire upon arrival, the direction the 
fire was spreading, descriptions of persons or vehicles in or 
leaving the area, and weather conditions. 


23.5.1.3 Observations of Airborne Personnel. Airborne per- 
sonnel can make the same types of observations as ground 
crews: the potential area of origin, direction of fire spread, 
and people or vehicles leaving the area. The information 
should be passed (along) to ground personnel promptly and 
as accurately as possible. Photographs of the fire area taken by 
airborne personnel often prove invaluable in showing areas 
burnt, the direction of fire travel, and intensity at a given loca- 
tion and point in time. 


23.5.1.4 Observations of Other Witnesses. Witnesses can often 
provide vital information in the investigation of a wildfire. Wit- 
nesses can provide information about unfamiliar vehicles or peo- 
ple that may have been in the area. They are often familiar with 
the area and can give information as to the area of origin and a 
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possible cause. They can also provide information on the condi- 
tion of the fire, such as smoke conditions, intensity, rate of 
spread, and weather. 


23.5.1.5 Satellite Imaging or Remote Sensing. Satellite or imag- 
ing tools that are used primarily to establish fire suppression tac- 
tics may likewise be utilized to assist in the establishment of the 
area of origin, based on the direction of fire spread and data 
indicating the fire location when first detected. 


23.5.2 Search Techniques. Once the location of the fire ori- 
gin has been determined, the cause of the fire’s ignition must 
still be determined. The search for an ignition source may 
include several techniques. 


23.5.2.1 Protection of Fire Scene. The integrity of the fire 
scene needs to be preserved. Foot and vehicle traffic moving 
through the area must be kept to a minimum. If the situation 
allows, the area can be cordoned off by the use of flags, tape, 
or personnel posted at the scene. 


23.5.2.2 Identifying Evidence. During the investigation, metal 
flagging stakes can be used to mark items that could be con- 
sidered potential evidence. Labeled flags can also be used to 
mark the position of an item of evidence that has been 
removed from the scene. 


23.5.2.3 Analyzing Fire Spread. Analyzing fire spread may 
involve many steps. It may begin with establishing and plotting the 
location of the head, flanks, and heel of the fire when it was dis- 
covered, as well as at the time of arrival. Wind direction and avail- 
able weather information should be documented and plotted, 
based upon the observations of those who discovered the fire. 


23.5.2.4 Origin Area. Care must be continually exercised not 
to destroy evidence or other signs, such as tracks left by indi- 
viduals or vehicles in the suspected area or areas of origin. 
Whenever the source of ignition is found at a confirmed point 
of origin, the surrounding area must be examined to deter- 
mine if a match or other ignition device was discarded nearby 
by the person who started the fire. 


23.5.2.4.1 Segment Division. If the identified area of origin is 
very small, the area can be searched in its entirety from its 
perimeter. However, if the area is large, the site should be bro- 
ken down into segments for a systematic close-up examina- 
tion. These segments allow the investigator to focus on a small 
section of the area, as well as to eliminate re-examining areas 
that have already been searched. When finished with one sec- 
tion, the investigator moves to the next section. 


23.5.2.4.2 Loop Technique. The loop technique is also 
referred to as the spiral method. This method is effective in a 
small area; however, as the loop or circle widens, evidence can 
be more easily overlooked, or even damaged as the investiga- 
tor moves into the area of origin. 


23.5.2.4.3 Grid Technique. This is one of the best proce- 
dures for covering a large area with more than one searcher. 
The searchers move parallel to one another and cover the 
same area twice. There are a number of variations of this 
method. The grid method is considered the most thorough 
system for covering a large area with a number of searchers. 


23.5.2.4.4 Lane Technique. The lane technique is also 
referred to as the strip method. This method can be used 
effectively if the area to be covered is large and open. It is rel- 
atively quick and simple to implement and may even be per- 
formed by a single investigator in small areas. 
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23.5.3 Search Equipment. Different tools are used by investi- 
gators in search of the cause and origin of wildfires. 


23.5.3.1 Magnifying Glass. A magnifying glass allows the 
investigator to see evidence that may not be visible without 
some sort of magnification. It also enhances small details that 
would otherwise go unnoticed. 


23.5.3.2 Magnet. Magnets with a rating of at least 30 pounds 
are used to locate ferrous metal fragments or particles. Moving 
a magnet over the burned area will cause such materials to be 
attracted to the magnet. The magnet should be covered by a 
plastic bag while being swept over the ground surface to pre- 
vent extraneous materials from being collected on the magnet 
surface and, when an item of evidence is found, the bag can be 
inverted as it is separated from the magnet to retain the evi- 
dence. A roofers’ magnet mounted on wheels is invaluable 
when examining large, flat areas. 


23.5.3.3 Straight Edge. A straight edge can be used to seg- 
ment the origin area. By reducing the search area, the investi- 
gator will find it easier to focus on small objects. This is very 
helpful when using a magnifying glass. 


23.5.3.4 Probe. A probe is particularly useful in uncovering 
small pieces of evidence from the surrounding vegetation, for 
example, removing grass stems from the underlying matchbook. 


23.5.3.5 Comb. A wide-gap comb can be used to separate evi- 
dence from debris. It also works well for picking up evidence 
without damaging it. By using the comb like a scoop, the inves- 
tigator can pick up small pieces of evidence while letting burnt 
grass and other debris sift out through the teeth. Hair picks 
work exceptionally well for this task. 


23.5.3.6 Hand-Held Lights. Hand-held lights assist in locat- 
ing items in low-light areas. They also eliminate shadows. 


23.5.3.7 Air Blower. A small air blower (sold for camera 
cleaning) is useful to separate light ash from items of interest. 
Air expelled through pursed lips provides similar results, but 
is not as controlled. 


23.5.3.8 Metal Detector. Metal detectors provide the loca- 
tion of metals that may be of evidentiary value and that could 
not be easily located by a magnet or are in rough surface areas. 


23.5.3.9 Sifting Screen. Sifting screens of various sizes assist 
in the separation of a suspected item of evidence from the sur- 
rounding dirt and vegetation. 


23.5.3.10 Global Positioning Satellite (GPS) Recorder. A GPS 
may be utilized to obtain the accurate longitudinal and latitu- 
dinal position of the fire origin. If necessary, this position can 
be cross referenced against on-site survey information, light- 
ning strike data, aerial photography, or satellite imagery. 


23.6 Security of the Area or Point of Origin. The area of ori- 
gin should be secured and should not be untampered with 
prior to the investigation. Evidence should not be removed 
from the position in which it was found without documenta- 
tion. If the area has been tampered with, it may mislead the 
investigation and affect evidence credibility. 


23.6.1 Undisturbed Origin. The area of origin must remain 
as undisturbed as possible. Fire fighters, onlookers, and the 
property owner should stay out of this area. Fire fighters should 
enter this area only if it is necessary for fire operations. Vehicles 
should not be allowed to approach or move through the area 
because of the possibility of evidence being destroyed. 
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23.6.2 Investigation of Area of Origin. The investigator should 
conduct the examination of the origin area with minimum dis- 
turbance, seeking to expose the evidence of fire spread from 
the origin, rather than destroying or removing it during the 
investigation. A photographic record should be continued 
throughout the investigative process. 


23.7 Fire Cause Determination. The objective of every origin 
and cause investigation is to establish the cause of the fire and 
to confirm this finding by identifying and, if possible, recover- 
ing the heat source or ignition device (see Chapter 16). If the 
fire was ignited intentionally, the ignition source may have 
been discarded nearby or removed from the scene. 


23.7.1 Natural Fire Cause. Wildfires are not always started by 
the actions of people. Many are ignited by natural causes, such 
as lightning. Other examples of wildfire ignited by natural 
causes include volcanoes and spontaneous combustion. 


23.7.1.1 Lightning. Lightning is a well-recognized cause of 
wildfires, particularly in forested areas, striking trees, power 
lines and rock outcrops. The action of the lightning strike in a 
tree can not only splinter the trunk, but can form glassy 
clumps, called fulgurites, by melting sand in the soil in the root 
area. Lightning may simply strike the ground, igniting nearby 
fuels. When lightning is suspected, a GPS may be used to 
gather data, which then can be provided to a lightning detec- 
tion service for confirmation of that activity. 

Lightning-caused fires may smolder undetected for as long 
as several days after a lightning strike before surfacing as an 
active wildfire. 


23.7.1.2 Spontaneous Heating. Special types of fuel will 
ignite spontaneously from internal heating caused by biologi- 
cal and chemical action. This action is most likely to occur on 
warm, humid days in decomposing piles of organic material 
such as hay, grains, feeds, manure, sawdust, wood chip piles, 
and harvested, piled peat moss. 


23.7.2 Human Fire Cause. Human-caused fires are a result of 
human action or omission and are classified as accidental or 
incendiary. Accidental fires involve all those for which the 
proven cause does not involve a deliberate human act to ignite 
or spread fire into an area where the fire should not be. The 
incendiary fire is one deliberately ignited under circumstances 
in which the person knows that the fire should not be ignited. 


23.7.2.1 Campsite. Circles of rocks, or pits with a large 
amount of ash, or a pile of wood are good indicators of a 
campfire. Even camp areas that have burned completely leave 
evidence of their prior existence. Discarded food containers, 
metal tent stakes, or metal grommets from a tent may be 
found, indicating the possibility of a campfire. 


23.7.2.2 Smoking. Discarded ignited smoking materials, such 
as cigarettes, cigars, pipe tobacco and matches, can start wild- 
fires. However, any of these heat sources require several con- 
ditions in order to ignite vegetation. The fuel source must be 
dry, and fine or powdery, such as litter or punky wood. Fuel 
moisture needs to be below about 25 percent. The ash and fil- 
ter (if present) of a cigarette butt or burned match may be 
identifiable at the point of origin. 


23.7.2.3 Debris Burning. Fires occur at dumpsites as well as at 
residences from garbage and other debris set on fire. Often, 
these operations spread to the neighboring vegetation. Burn 
barrels or incinerators may be a consideration as a fire cause. 
In windy conditions, hot ash and debris can blow away from 


the debris burn and start a fire some distance away. Witnesses 
often are the best way to confirm whether or not debris burn- 
ing was the cause of the fire. 


23.7.2.4 Sunlight and Glass Refraction. The sun’s rays can be 
focused to a point of intense heat if concentrated by certain glass 
or shiny objects. This refraction process bends light rays, similar 
to that which occurs through a magnifying glass. The shiny, con- 
cave end ofa metal can may focus sunlight, but its short focal dis- 
tance makes the potential as a possible cause unlikely. 


23.7.2.5 Incendiary. These fires are often set in more than 
one location, and in areas that are frequently traveled. 
Matches, fusees, and other ignition devices may be found in 
the area of origin. The firesetter may decide to use a time- 
delay ignition device. Items to look for include cigarettes, 
rope, rubber bands, candles, and wire. For further informa- 
tion on incendiary fires, see Chapter 19. 


23.7.2.6 Prescribed Fire (Controlled Burn). A prescribed fire 
is a fire resulting from intentional ignition by a person or a 
naturally caused fire that is allowed to continue to burn 
according to approved plans to achieve resource-management 
objectives. 


23.7.2.7 Machinery and Vehicles. Vehicles and power machin- 
ery can cause wildfires in countless ways, from operating fail- 
ures, overheated equipment, burning carbon, fuel leaks and 
spills, and friction. Any power or motorized equipment that 
uses electricity or flammable products in its operation or that 
creates ignition temperatures in its operation is capable of 
starting a fire when being operated in or adjacent to combus- 
tible vegetation. This includes vehicles, powered portable and 
mobile machinery, harvesting and construction equipment, 
chain saws, grinding tools, and cutting torches. Defective or 
failed parts add to the fire potential through friction heating 
of bearing-worn brakes, “frozen” shafts, and abrasion. 


23.7.2.8 Railroad. Wildfires are sometimes started along rail- 
roads. Occasionally, fire used to clear a right-of-way will 
escape. Locomotives and rolling stock can also cause trackside 
fires from exhaust carbon, hot brake metal, or overheated 
wheel bearings (hot box). 


23.7.2.9 Juveniles. The carelessness of a child, coupled with 
the curiosity of fire, may lead to wildfires around residences, 
schools, playgrounds, campsites, and wooded areas. Matches, 
lighters, or other ignition devices may be found in the area of 
origin. 

23.7.2.10 Fireworks. Fireworks provide means of ignition 
through sparks and flaming debris. Sparklers are a smaller 
hazard, but may ignite dry grass or other fuels. Most sparklers 
include a metal (wire) or wood core that may be found at or 
near the point of fire origin. The remains of fireworks or their 
packaging may be found near the area of origin. Also, some 
fireworks have the potential to create small indentations in the 
ground due to their explosive force. 


23.7.3 Utilities. Public and private utilities often are present 
through wildfire areas and therefore provide a potential igni- 
tion source. 


23.7.3.1 Electricity. Overhead power lines may cause wildfires 
when trees contact a conductor and ignite the branch or foliage 
involved. This contact usually leaves a brand on the portion of the 
tree that made contact and creates a pit or flash mark on the 
power conductor. After ignition, burning portions of the tree 
may fall to the ground and ignite ground litter. In addition to tree 
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contact, conductors may be blown against each other (phase to 
phase) during a windstorm, creating a hot metal globule that falls 
to the ground. Conductors and transformers may fail, starting the 
pole or other equipment on fire, and may drop flaming or hot 
material onto the ground. Underground conductors can be dam- 
aged by heavy equipment or digging operations, resulting in fire. 
Electric fences are likewise a source of energy resulting in igni- 
tion of combustible materials. 


23.7.3.2 Oil and Gas. Oil- and gas-drilling activities in wild- 
fire areas can cause a fire. Most of the hazardous activities asso- 
ciated with fire take place during the drilling operations. A 
number of these hazards have been discussed in the smoking, 
equipment use, and electric paragraphs. A well blowout and 
subsequent ignition may cause a wildfire to ensue. Depending 
on the minerals to be extracted, gas-fired equipment such as 
separators may be present at the well site after the drilling pro- 
cess has been completed. Likewise, the proximity of pipelines 
carrying gas or liquid fuel may provide sources of the initial 
fuel or may be a contributing factor to wildfire spread. 


23.8 Evidence. The protection, preservation, collection, and 
documentation of evidence is similar for wildfire, structure, 
and vehicle fire investigations. See Chapter 14 for information 
and guidance. 


23.9 Special Safety Considerations. Safety considerations vary 
from those present in structural fire investigation; however, 
the basic principles are universal. (See Chapter 10.) 


23.9.1 Hazards. Safety is a major concern on all fires. Investi- 
gating wildfires carries its own specific hazards that must be 
considered while on the fire scene. The investigator should 
log in with the Incident Commander and should keep fire- 
fighting personnel aware of his or her location. The investiga- 
tor must be aware of areas where the fire may still be burning, 
or where fire has been extinguished but could rekindle. An 
avenue of escape must always be present and continually eval- 
uated as fire conditions change. A rekindle and availability of 
fuels, along with a change in the wind direction may create 
hazards as extreme as a crowning fire, which may block the 
previously planned escape path. 

Underground burning in a smoldering stage can erupt into 
flaming combustion if the fire burns to the surface or if the top 
layer of soil is disturbed, exposing the heated fuel to air. This 
phenomenon most commonly occurs where there is heavy peat 
content in the soil, or in areas where large sawdust piles were left 
from logging or sawmill operations. These piles sometimes are 
placed in small gullies, creating a level ground surface. The saw- 
dust or peat can continue to burn and decompose below grade, 
sometimes creating underground cavities. A fire investigator 
walking across this area could drop into this cavity, opening it to 
the ambient air, and allowing flaming combustion. 

Other associated hazards are falling debris from charred, 
fire-weakened trees and limbs. Leaning against or putting 
weight on trees could cause them to topple or break. Even light 
winds may cause branches to break and fall to the ground. Addi- 
tional hazards may be present in sloped terrain. Logs or rocks 
can be loosened from their lodged location as a result of the 
fire, from suppression operations, or from the actions of an 
investigator. When the root structure is destroyed by fire, the 
soil may begin to lose its stability, which in turn can cause slides 
that may injure the investigator or destroy evidence. 

The weather can also cause or contribute to hazards. Rain 
can create slippery footing. Lightning may be a concern as 
well. During lightning conditions, the investigator should not 


2001 Edition 


stand under trees, but rather move to open space, staying low 
without lying down. 


23.9.2 Personal Protective Equipment. Protective clothing and 
safety equipment will vary depending on the circumstances. If 
investigating while the fire is still in progress in the investigator’s 
immediate vicinity, the investigator will need to comply with 
applicable federal, state, provincial, or local requirements for 
personal protective equipment applicable to wildfire fighting. 

Fire investigators in such situations should conform to 
NFPA 1977, Standard on Protective Clothing and Equipment for 
Wildland Fire Fighting, and appropriate sections of NFPA 1500, 
Standard on Fire Department Occupational Safety and Health Pro- 
gram. The types of equipment addressed in NFPA 1977 are 
head protection, hood, body protection, hand protection, 
foot protection, and eye protection. In addition, respiratory 
protection is necessary and will be dictated by the type of haz- 
ardous atmosphere encountered. This type of safety equip- 
ment is perhaps the most important but the most often 
overlooked. Respiratory protection in the nature of a filter 
mask is, however, likely to be required. There are numerous 
manufacturers of filter masks. A mask should be fitted to the 
wearer to assure an adequate seal. 

When investigating at a scene where the fire has been com- 
pletely extinguished, the investigator will still need to comply 
with any regulatory standards. Even in the absence of manda- 
tory regulations, recognized industry standards ought to be fol- 
lowed for the investigator’s own protection. (See Chapter 10.) 


23.10 Sources of Information. Information sources can be 
found in Section B.11. 


Chapter 24 Management of Major Investigations 


24.1 Introduction. This chapter is principally concerned with 
the investigation of major fire and explosion incidents as a man- 
agement function with an organizational and managerial per- 
spective. Major fire management characteristics include the 
control of the scene, in which many interests participate simulta- 
neously. These interests may include multiple public and private 
agencies and usually an investigation team for each interested 
party. A protocol should be developed to meet agency objectives. 
This chapter provides guidance for these purposes. 

A major fire or explosion incident may include fatal fires, 
fires in high-rise buildings, incidents involving major damage 
to large complexes or multiple buildings, conflagrations 
involving a large monetary loss, or fires resulting in a large 
number of personal injuries. While major incidents are not 
always large in size or magnitude, they do tend to be more 
complex. As a result, the primary goals in such circumstances 
are to preserve the evidence and to preserve the interests of 
the different parties involved. 

Thorough investigations do not just happen, but instead are 
the result of careful planning, organization, and the ability to 
anticipate problems before they arise. Prior to actually beginning 
the scene investigation, numerous events, facts, and circum- 
stances should be identified and considered before decisions are 
made as to how the investigation will flow. (See Chapter 12.) 


24.2 Understanding between the Parties. Interested parties 
should be allowed to participate in the investigation and 
examine the evidence in its undisturbed condition. No party 
should remove evidence or materials without adequate notice 
to other interested parties. 
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Different parties can conduct a joint investigation and still 
have separate and independent examinations. A joint investi- 
gation allows recording and examination of the scene as it is 
altered or examined or as evidence is collected. Allowing all 
interested parties an equal opportunity to establish the facts 
should eliminate future accusations of wrongdoing, such as 
altering the evidence or hiding facts. The parties should work 
together through coordination of the investigation. Personal 
interests should be subjugated to the truth. 

Public officials conducting an investigation may have con- 
cerns about allowing other investigators to participate during 
a criminal investigation, but these concerns can be alleviated 
through proper planning and communication. Other investi- 
gators may be able to assist the public officials by providing 
their expertise, other experts, equipment, and personnel. The 
purpose of any investigation is to seek the facts. 


24.3 Agreement between Parties. An understanding or agree- 
ment should be developed through a consensus of the interested 
parties prior to conducting the investigation. The agreement 
should cover the following issues, where appropriate: 


(1) Control and access to the site. 

(2) How and which information discovered during the inves- 
tigation will be shared (such as through public agencies, 
interviews, or research). 

(3) Joint custody and examination of evidence, usually a 
requirement for all parties. Parties should be notified 
prior to destructive examination. A sign-in sheet should 
be required to gain access to the evidence. 

(4) The acquisition and processing of needed nonpropri- 
etary information from the parties through their identi- 
fied representative. 

(5) Release of information to the public, which may be coordi- 
nated through one spokesperson, usually the public official. 

(6) A protocol for the scene examination and debris 
removal. This may require regular scheduled meetings to 
discuss the progress and the activities that are to be con- 
ducted. A person may be selected to chair the meetings 
and “lead” the scene examination. 

(7) The development of a “flow chart” to provide guidance 
for the general scope of the investigation. 


Figure 24.3(a) isan example of a “Memorandum of Under- 
standing,” an agreement for a joint investigation. It should be 
accompanied by Figure 24.3(b). 


24.4 Organization of the Investigation. Each of the represen- 
tative parties may develop a team, with its members conducting 
various aspects of their investigation. Interested parties may 
share the costs and services of specialized personnel such as evi- 
dence technicians, photographers, air quality people, safety 
coordinator, laborers, and so forth. Each of the teams should 
have a team leader who will participate in the “team leader com- 
mittee.” Many functions of the “team” and “team leader com- 
mittee” are similar in organization of their responsibilities. The 
team leader committee organizes the investigation as a whole 
and coordinates the access to the evidence and the scene. 


24.5 Team Leader Committee. The team leader committee 
should coordinate access to the site through whoever has control 
of the scene. This may be the building owner, the insurance com- 
pany, the public authorities, or the courts. The committee should 
hold regular meetings to discuss the status of the investigation 
and to obtain a consensus from the parties regarding actions to 


be taken. It may be helpful for the committee to develop a flow 
chart or plan to manage the investigation. Changes in the plan 
should be discussed with the participants in the investigation, so 
the committee is aware of the changes and why the changes were 
made. Figure 24.3(b) is an example of a flow chart that could be 
used as a starting point in organizing an investigation. 

A person should be selected to chair and organize the meet- 
ings. This person should have the responsibility to keep the 
meetings and the investigation moving, using the flow chart as 
a guide. The team leader may coordinate reports, documents, 
interviews, and so forth, and may write a report on his or her 
observations. In investigations with more than one interested 
party, the person selected usually has the same voting authority 
as the other investigators. The team leader should be an expe- 
rienced fire investigator with the ability to identify problems 
that may be encountered by the team and to solicit solutions 
from the group. Often, the public official or whoever has con- 
trol of the site may be the most likely person for this position. 


FIGURE 24.3(a) Memorandum of understanding. 


This Memorandum of Understanding relates to the investigation 

of the fire that occurred on July 1, 1998, at the Tall Building and 
Storage Facility, 1007 Main Ave., Any City, State, USA. It recognizes 
that a number of independent investigations are being conducted 
simultaneously and coincidentally and all with a common goal — 
to determine the origin and cause of the fire. All interested parties 
recognize that cooperation with one another will be beneficial to 
each party and will produce an efficient, quality outcome. 


The parties agree to the following: 
An origin and cause investigation is being conducted. 


The investigation is being conducted by the Yourtown Fire 
Department, The Federal Fire Investigations, Payall Insurance 
Company, Any Storage Company, and the Tall Building Company. 


All investigation procedures and the physical collection of the 
evidence will be coordinated through regular meetings. The 
evidence will be collected and stored in a location where access 
is monitored. No testing or examination of the evidence will be 
conducted until all parties are notified. 


All requests for data of a nonproprietary nature from the Tall Building 
Company or tenants will be processed through their identified 
representatives. Nonproprietary information provided by any 

party will be shared by all parties if requested. 


All releases of information regarding the origin and cause of the 
fire will be coordinated through the Yourtown Fire Department, 
and no predisclosure of information will be made by any party. 


The protocol recognizes that to remove material or conduct test- 
ing will require the permission of the Yourtown Fire Department 
and the undersigned parties. The request should be in writing; 
however, verbal agreement followed by written request and 
approval of the parties will be acceptable when time frames are short. 


Testing and examination protocol of materials associated with 
this investigation are as follows: 


(1) All parties agree as to who will perform each examination 
and each test. 


(2) All parties agree to allow any other party to observe 
each test. 


(3) All parties agree to return any material remaining after 
each test to the storage facility. 


Attached is an investigation flow chart to provide guidance for 
the general scope of the investigation. 
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FIGURE 24.3(b) Investigation flow chart. 
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Tenant access 
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tenant access and use 
(outside of general area 
of origin) 
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Determine protective breathing needs 
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Origin and cause investigation 
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| Fire 
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| 
Blueprints and schematics 
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Tenants Guards Others 
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Photo Document Video Drawing 


, Document Photo 
Evidence 


! T 
Tagging Document Photo/video Storage Examination 


Test of analysis 


The person selected as team committee leader is generally 
one of the following: 


(1) Representative of an agency or department having 
responsibility to investigate the incident 
(2) Person selected by consensus of fellow team leaders 
(3) Representative of the private sector who has an interest in 
determining the origin and cause of the incident 
| (4) Representative of the owner 


It is recommended that the team select a secretary to take 
minutes of the meetings. Minutes should include the date, 
time, location, persons at the meeting, subjects discussed, and 
decisions reached. This record can be a tape recording with 
accompanying attachments. 

A meeting should take place prior to an on-scene investiga- 
tion. Personnel should be advised of the condition of the 
scene and the safety precautions required. Jurisdictional 
responsibilities and interests should be identified. Federal or 
state Occupational Safety and Health Administration (OSHA) 
compliance and safety concerns should be discussed. 
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Mechanical | HVAC | Fire protection 
Electrical 


Debris removal protocol 
| 
Determine equipment needs 


| 


Determine salvage/disposal process 


Each of the interested parties should have one spokesper- 
son at the meetings. Other representatives/investigators 
should be allowed to attend the meetings, but they should 
voice their concerns through their representative so that the 
meetings run efficiently. 

It is reasonable to expect disputes, and efforts should be 
made to resolve these issues through proper planning, meet- 
ings, or other communications. Disputes concerning access to 
the scene, scene alterations, evidence collection, evidence 
preservation, and evidence disposition should be anticipated. 

Some of the committee issues that need to be resolved may 
be as follows: 

(1) The purpose of the investigation 

(2) The expected role of the committee and teams 

(3) What agencies or parties are involved (e.g., local, state, 
federal, or private) 

(4) Identification of team members (e.g., identification 
cards, patch, or hats) 

(5) Number of persons from each party or agency 

(6) Control of entry to the scene 
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24.6 Planning. A plan, such as a systematic order for the tasks, 
should be developed to conduct the investigation. Changes in 
the plan or flow chart may be required as the investigation moves 
forward. The plan should have some flexibility. (See Chapter 12.) 


24.7 Occupant Access. If possible, the investigation should be 
conducted in a manner that allows the occupants use of those 
portions of the facility not involved in the incident. This may 
require a delay in conducting some of the investigation until 
the situation can be stabilized for the occupants. Allowing the 
tenants/occupants to use space is important, but the fire or 
explosion scene should still be secured. This effort may help to 
lessen the interruption to business and the impact of the fire. 
Occupant access to any portions of the facility should be 
allowed only after the safety of the area has been established. 


24.8* Organization of an Investigation Team. Organization 
of the team, with the members’ responsibilities and duties, 
should be addressed. Some team members may have to 
assume/perform more than one function. The function 
should be identified in the flow chart or plan. 

Responsibilities of an investigative team include the func- 
tions of air quality, structural safety, lighting, transportation, 
and safety. Some of these functions may be shared or orga- 
nized with the other teams. The interested parties should 
share and organize the evidence removal and examination. 

The team size, organization, and individual roles need to 
be addressed. 

Having too many people at the scene may have a detrimen- 
tal effect on the scene; likewise, too few may result in an 
incomplete or inefficient investigation. The number of indi- 
viduals involved in the investigation depends on the size and 
complexity of the incident. Also, several responsibilities may 
fall to the same person. 

A major loss team may include the following: 


(1) Leader 

(2) Secretary 

(3) Evidence technician 
(4) Photographer 

(5) Diagramer 

(6) Interviewer 

(7) Searcher(s) 


In addition, specialized personnel or skills should be used 
as necessary. (See Section 12.5.) 

A successful major fire investigation requires proper man- 
agement. One management system is known as the incident 
command system (ICS). ICS provides a management structure 
and system for on-site multidisciplinary operations. 


24.9 Regular Meetings. The team leader committee should 
meet regularly to discuss the progress of the investigation, to 
discuss changes that may be required in the plan, and to 
inform the teams of what is going to happen and when. It is 
suggested that short meetings be held daily and that more 
thorough meetings be held weekly. 

Each of the teams should also meet daily to coordinate 
their activities and to disseminate information to other team 
members. The regular team meetings provide the forum to 
share information developed by the team members, such as 
information from interviews, the scene examination, docu- 
ment research, and safety conditions. 


24.10 Resources. The investigators responsible for major loss 
investigations should identify resources at their disposal from 
within their department or company, or from outside sources 
(e.g., pre-planning). Numerous fire investigators in rural areas 


and small investigation departments have surmounted their 
resource deficiencies by locating additional resources of both 
manpower and material when pre-planning for major investiga- 
tions. Unfortunately, the team concept, which can be utilized by 
both the public sector and the private sector, is often overlooked 
or disregarded because of budgetary constraints or because juris- 
dictional (i.e., turf) issues are allowed to take precedence over 
life safety and the need to conduct an organized investigation. 

The investigator in charge at many incident scenes may be 
responsible for the entire investigation. A task force and team 
concept allow responsibilities to be delegated or conducted by 
more than one investigator. 


24.11 Preliminary Information. The investigator should gain 
as much information as possible prior to developing the flow 
chart or plan (e.g., magnitude of the incident, the condition 
of the scene, information surrounding the incident, type of 
structure involved, use of the structure, and the nature and 
extent of damage). This information will allow the develop- 
ment of a plan that will address areas of importance to the 
investigation without requiring major modification. 


24.12 Safety. Safety is the responsibility of all team members, 
but in some situations it may be necessary to designate one mem- 
ber as a safety monitor (i.e., safety officer) who will be responsible 
for monitoring conditions at the fire or explosion scene to ensure 
the safety of all personnel. The investigation plan should address 
safety not only for the investigators but for the tenants who will be 
utilizing the facility. The structure will need to be examined prior 
to conducting an investigation or removal of debris. Toxic gases 
or hazardous materials may have been present at the time of the 
incident or are there as a result of the fire. 

It may be necessary to continue to monitor the air quality, 
environmental conditions, or structural stability while the 
investigation continues. The building’s ventilation system 
should be evaluated for possible use in providing air quality. If 
the air or the environment cannot be rendered safe, the inves- 
tigator(s) may be required to wear protective clothes and an 
appropriate filter mask or self-contained breathing apparatus. 

Investigator fatigue can be a safety consideration in major 
fires and should be avoided. (See Chapter 10.) 


24.13 Lighting. Temporary lighting may be required. It is 
often better to have electricians install temporary lighting 
than to use portable lights and flashlights for extended peri- 
ods of time. The temporary lighting will allow the investigators 
to view the scene more easily. The need to install temporary 
lighting will be a function of current lighting conditions, the 
estimated time the investigation will take, and the availability 
of other lighting and electrical power. 


24.14 Access for Investigator. Transportation may be needed 
to allow ease of movement of materials and investigators. There 
may be long distances to travel or it may be difficult to move 
equipment and personnel to the area. The fire area may be on 
higher floors that are difficult to reach. If these issues are 
addressed early, it will make the task much easier. 

Golf carts or small motorized vehicles, boats, four-wheel- 
drive vehicles, helicopters, or other means of transportation 
may be needed to provide transportation to areas that are dif- 
ficult to reach. An elevator in an adjoining building, fire 
department ground or aerial ladders, or a man lift may assist 
in reaching upper floors. 


24.15 Securing the Scene. One of the first duties of the team 
is to secure the scene. First responders to the scene should 
establish and maintain control. Access should be monitored 
strictly, and all personnel should log on and off the scene. 
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Access should be restricted to authorized personnel both 
to facilitate the quality of the investigation and to prevent pos- 
sible injury to unauthorized or curious onlookers. 

The decision regarding authorization rests with whoever 
has control of the site. 

It may be necessary to hire private security personnel or to 
install physical barriers to ensure the level of security needed. 


24.16 Sanitary and Comfort Needs. Provisions should be 
made for sanitary facilities and drinking water. An uncontami- 
nated area should be available for eating, resting, and meeting. 


24.17 Communications. A large incident area may create com- 
munication problems for the investigators. Communication 
may be provided through either mobile or fixed means. Porta- 
ble radios, temporary hardwired phone systems, or cellular tele- 
phones may be used. A command post using temporary trailers 
or other facilities may be needed to act as a central point. 


24.18 Interviews. Upon arrival at the scene, the team leader 
should ensure that interviews are conducted with at least the 
preliminary witnesses. Examples of preliminary witnesses are 
the fire chief; fire prevention personnel; suppression person- 
nel; police officers; passersby; neighbors; property owner(s); 
employees, tenants, or other people who may have informa- 
tion. The investigator should seek information on fire discov- 
ery, events prior to fire department arrival, fire suppression 
efforts, movement of the fire, and the building construction 
and contents. (See Chapter 11 on interviewing. ) 

Interviews can be conducted while other activities are 
being performed. It is usually better to subject a person to one 
thorough interview than to many interviews. If more than one 
party is participating in the investigation, a joint interview with 
a representative from each of the interested parties will usually 
result in a more thorough interview and will not subject the 
person to several interviews. It is best to have one person from 
each party participating in the interview rather than multiple 
investigators from each party. This will limit the interview 
team to a manageable number, and the team size won’t over- 
whelm the person being interviewed. 

Joint interviews will allow investigators to work off one 
another’s thoughts and questions, and the interview will cover 
more details and topics. There will be times when joint interviews 
may not be practical, such as suspect interviews by public officials. 
Summaries of the interviews should be made to facilitate the 
briefing of other team members. Transcripts of statements of sig- 
nificance may need to be prepared as soon as possible. 


24.19 Plans and Drawings. Copies of blueprints and schemat- 
ics may be obtained for the facility. The plans will assist in trac- 
ing the electrical system, determining the capabilities of the 
HVAC system, and reviewing the fire protection/detection sys- 
tems. Plans may assist in developing accurate drawings of the 
investigation and in locating or determining the operation of 
equipment. The plans may be obtained from the building 
owner, contractor, architect, or the public building department. 


24.20 Recording the Scene. Recording the scene and the 
artifacts is required and is discussed in Chapter 13. Documen- 
tation includes photographs, videos, diagrams, and sketches. 


24.21 Search Patterns. The personnel assigned to the physi- 
cal examination of the scene should be the team members with 
experience and expertise in determining origin and cause of 
fire/explosion incidents. A grid system may be developed to 
conduct the investigation by dividing the scene into specific 
areas. The search in each grid is documented, and the evidence 
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from each grid is identified. The geometry of the scene may 
determine the grid system, such as by floor or by room. 

Other methods include spiral, strip, or area searches. 
Regardless of the method used, the assigned search areas 
should overlap to ensure complete coverage. 


24.22 Evidence. The removal of debris or evidence needs to 
be discussed with the interested parties/investigators prior to 
removal. The discussions may occur during the regularly 
scheduled meetings, through correspondence, at special 
meetings, or on the fire scene. The importance of reporting 
and properly securing evidence should be discussed with the 
team leader committee members. 

One evidence technician should be selected to document 
the collection and preservation of all evidence. Evidence 
should be handled and secured as discussed in Chapter 14. 

A protocol regarding the evidence collection, processing, 
and storage should address the type and location of the storage 
facility that is acceptable to the parties and the methods of han- 
dling the evidence. This often requires a secured location with a 
log-in sheet for persons accessing the area. All evidence collected 
should be equally accessible to all teams involved in the investi- 
gation. Prior to any destructive examination or testing, all teams 
should be notified. Each of the interested parties may decide to 
have its own expert view or participate in the examination. 


24.23 Release of Information. The team should be discreet 
when matters concerning the incident are discussed around 
persons other than team members. One person or agency 
should be designated to release information through the team 
leader committee concerning the investigation. This person 
may be the public information officer or the fire marshal. 


24.24 Conducting the Scene Examination. Conducting the 
scene examination is discussed in other chapters. The investi- 
gation techniques for major fires remain the same, but the 
scene typically is larger, requiring more interviews, more data, 
and more documentation. 


24.25 Preplan for Major Fire Investigations. In many com- 
munities or private companies, the responsibility for deter- 
mining the origin and cause of a major fire or explosion will 
be assigned to one or two investigators. The need to preplan 
the investigation remains constant. 

This team or task force concept allows the investigation to pro- 
ceed more rapidly and allows more time and resources to be spent 
on each task by assigning tasks to the investigators on the team. 


Chapter 25 Referenced Publications 


25.1 The following documents or portions thereof are refer- 
enced within this guide and should be considered as part of its 
recommendations. The edition indicated for each referenced 
document is the current edition as of the date of the NFPA 
issuance of this guide. Some of these documents might also be 
referenced in this guide for specific informational purposes 
and, therefore, are also listed in Appendix C. 


25.1.1 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 
NFPA 54, National Fuel Gas Code, 1999 edition. 
NFPA 58, Liquefied Petroleum Gas Code, 2001 edition. 
NFPA 68, Guide for Venting of Deflagrations, 1998 edition. 
NFPA 70, National Electrical Cod, 1999 edition. 


REFERENCED PUBLICATIONS 


921-195 


NFPA 72, National Fire Alarm Cod&, 1999 edition. 
NFPA 77, Recommended Practice on Static Electricity, 2000 edition. 
NFPA 121, Standard on Fire Protection for Self-Propelled and 
Mobile Surface Mining Equipment, 2001 edition. 
NFPA 220, Standard on Types of Building Construction, 1999 
edition. 
NFPA 299, Standard for Protection of Life and Property from 
Wildfire, 1997 edition. 
NFPA 430, Code for the Storage of Liquid and Solid Oxidizers, 
2000 edition. 
NFPA 1500, Standard on Fire Department Occupational Safety 
and Health Program, 1997 edition. 
NFPA 1971, Standard on Protective Ensemble for Structural Fire 
hting, 2000 edition. 
NFPA 1977, Standard on Protective Clothing and Equipment for 
Wildland Fire Fighting, 1998 edition. 
NFPA Fire Protection Handbook, 15th (1981), 16th (1986), 
17th (1991), and 18th (1997) editions. 
Fire Protection Guide to Hazardous Materials, 12th edition, 1997. 
National Fuel Gas Code Handbook, 1996 edition. 
SFPE Handbook of Fire Protection Engineering. Society of Fire 
Protection Engineers, Quincy, MA, 1988 and 1995. 
SPP 51, Flash Point Index of Trade Name Liquids, 1978. 


25.1.2 Other Publications. 


25.1.2.1 ANSI Publications. American National Standards Insti- 
tute, Inc., 11 West 42nd Street, 13th Floor, New York, NY 10036. 


ANSI 2129.1, Precautionary Labeling of Hazardous Industrial 
Chemicals, 2000. 

ANSI 2400.1, Material Safety Data Sheets — Preparation, 1998. 
ANSI 2535.1, Safety Color Code, 1998. 

ANSI 2535.2, Environmental and Facility Safety Signs, 1998. 
ANSI 2535.3, Criteria for Safety Symbols, 1998. 
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Appendix A Explanatory Material 


Appendix A is not a part of the recommendations of this NFPA doc- 
ument but is included for informational purposes only. This appendix 
contains explanatory material, numbered to correspond with the appli- 
cable text paragraphs. 


A.1.3.6 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce- 
dures, equipment, or materials; nor does it approve or evalu- 
ate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the author- 
ity having jurisdiction may base acceptance on compliance 
with NFPA or other appropriate standards. In the absence of 
such standards, said authority may require evidence of proper 
installation, procedure, or use. The authority having jurisdic- 
tion may also refer to the listings or labeling practices of an 
organization that is concerned with product evaluations and is 
thus in a position to determine compliance with appropriate 
standards for the current production of listed items. 


A.1.3.10 Arson. Precise legal definitions vary among jurisdic- 
tions, wherein it is defined by statutes and judicial decisions. 


A.1.3.24 Code. The decision to designate a standard as a 
“code” is based on such factors as the size and scope of the doc- 
ument, its intended use and form of adoption, and whether it 
contains substantial enforcement and administrative provi- 
sions. There are other standards-making bodies that define 
the word code differently. 


A.1.3.26 Combustible Gas Indicator. Some units may indicate 
the percentage of the lower explosive limit of the air—gas mixture. 


A.1.3.48 Fire Dynamics. See sources in Section B.1. 
A.1.3.52 Fire Science. See sources in Section B.2. 


A.1.3.69 Guide. There are other standards-making bodies 
that define the word guide differently. 


A.1.3.71 Heat. Heat is measured in joules, calories or Btus. 
Heat is not measured in °F or °C. The joule is the preferred 
unit. A joule/second is a watt. (See 1.3.132.) 
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A.1.3.73 Heat of Ignition. Heat energy comes in various 
forms and usually from a specific object or source. Therefore, 
the heat of ignition is divided into two parts: (a) equipment 
involved in ignition and (b) form of heat of ignition 


A.1.3.74 Heat Release Rate (HRR). The heat release rate ofa 
fuel is related to its chemistry, physical form, and availability of 
oxidant and is ordinarily expressed as Btu/s or kilowatts (kW). 


A.1.3.88 Overload. A fault, such as a short circuit or ground 
fault, is not an overload. (See also 1.3.87.) 


A.1.3.91 Plastic. Plastics are usually made from resins, poly- 
mers, cellulose derivatives, caseins, and proteins. The princi- 
pal types are thermosetting and thermoplastic. 


A.1.3.100 Recommended Practice. There are other stan- 
dards-making bodies that define the term recommended practice 
differently. 


A.1.3.115 Spontaneous Heating. The process results from 
oxidation, often aided by bacterial action where agricultural 
products are involved. 


A.1.3.116 Standard. There are other standards-making bod- 
ies that define the word standard differently. 


A.1.3.118 Temperature. The lowest possible temperature is 
absolute zero on the Kelvin temperature scale (—273° on the 
Celsius scale). At absolute zero it is impossible for a body to 
release any energy. 


A.1.3.118.1 Absolute Temperature. The Celsius and Fahrenheit 
scales are relative scales that use “degrees.” The Kelvin and Rank- 
ine scales are absolute scales that do not utilize the term degree. 


A.1.3.118.4 Ignition Temperature. Reported values are obtained 
under specific test conditions and may not reflect a measurement 
at the substance’s surface. Ignition by application of a pilot flame 
above the heated surface is referred to as pilot ignition tempera- 
ture. Ignition without a pilot energy source has been referred to 
as autoignition temperature, self-ignition temperature, or sponta- 
neous ignition temperature. The ignition temperature deter- 
mined in a standard test is normally lower than the ignition 
temperature in an actual fire scenario. 

A.1.3.120 Thermal Expansion. The amount of this increase 


per degree temperature, called the coefficient of thermal 
expansion, is different for different substances. 


A.1.4 A complete list of conversion factors can be found in 
the NFPA Fire Protection Handbook, or in ASTM E 380, Standard 
for Metric Practice. 


A.3.1.1.2 For more information on flammability limits, see 
USBM Flammability Characteristics of Combustible Gases and Vapors. 


A.3.3 For additional information, see Ohlemiller, “Smolder- 
ing Combustion.” 


A.3.5.4.1 For more information on room flashover, see 
Babrauskas, “Estimating Room Flashover Potential.” 


A.3.5.5 Additional information on flame height can be found in 
SEPE Handbook of Fire Protection Engineering, Section 1, Chapter 18. 


A.4.2.2.1 For more information, see sources listed in Section B.3. 


A.4.5.2 For more information, see Drysdale, An Introduction to 
Fire Dynamics. 


A.4.6.1 For additional information, see Smith, “Concrete 
Spalling: Controlled Fire Tests and Review.” 


A.4.12.1 Depth of calcination in gypsum wallboard is similar 
to depth of char in wood and many of the techniques are the 
same. See Sections 4.5 and B.4 for additional information. 


A.4.13.1 For more information, see the following sources. 

Skelly, An Experimental Investigation of Glass Breakage in Com- 
partment Fires. 

Lentini et al., “Baseline Characteristics of Residential Structures 
Which Have Burned to Completion: The Oakland Experience.” 

For more information on pressures developed during fires, 
see Fang and Breese, Fire Development in Basement Rooms. 

For more information on explosion and glass, see Harris, 
The Investigation and Control of Gas Explosions in Buildings and 
Heating Plants. 


A.4.13.2 For more information, see Cooke and Ide, Principles 
of Fire Investigation. 


A.4.14 For additional information on collapsed furniture 
springs, see Tobin and Monson, “Collapsed Springs in Arson 
Investigations: A Critical Metallurgical Evaluation.” 


A.4.16.1.4 For more information on floor covering critical 
radiant flux, see NFPA 253, Standard Method of Test for Critical 
Radiant Flux of Floor Covering Systems Using a Radiant Heat Energy 
Source, Chapter 2, as well as the NFPA Fire Protection Handbook, 
18th edition, Section 7, Chapter 3. 

Also see Fang and Breese, Myre Development in Basement Rooms. 


A.4.17 For further information see sources in Section B.5. 


A.6.3.1 For more information, see NFPA 70, National Electrical 
Code, or the NFPA National Electrical Code Handbook. 


A.6.7.4 See Figure 6.10.6.2(f) for a photograph of melted 
solidified aluminum conductor. 


A.6.9.4.4 Additional information on arc tracking is found in 
Campbell, Flashover Failures from Wet-Wire Arcing and Tracking, 
and in Cahill and Dailey, Aircraft Electrical Wet-Wire Arc Tracking. 


A.6.10.2 For more information, see Beland, “Considerations 
on Arcing as a Fire Cause,” and Beland, “Electrical Damages 

” 8 
Cause or Consequence? 


A.6.10.3 For more information, see Beland, “Considerations 
on Arcing as a Fire Cause,” and Beland, “Electrical Damages 
Cause or Consequence?” 


A.6.10.4 For more information, see Ettling, “Glowing Con- 
nections.” 


A.6.10.5 For more information, see Beland, “Examination of 
Electrical Conductors Following Fire.” 


A.6.10.6.3 For more information, see Beland et al., “Copper- 
Aluminum Interactions in Fire Environments.” 


A.6.10.6.4 For more information, see Ettling, “Arc Marks and 
Gouges in Wires and Heating at Gouges.” 


A.6.11.8 For more information, see Ettling, “The Overdriven 
Staple as a Fire Cause,” and Ettling, “Ignitability of PVC Elec- 
trical Insulation by Arcing.” 


A.6.12.2.1 For more information on static in ignitable liquids, 
see API RP 2003, Protection Against Ignitions Arising Out of Static, 
Lightning, and Stray Currents. 


A.6.12.2.3 For more information on switch loading, see 5.6.10, 
1996 edition of NFPA 30, Flammable and Combustible Liquids Code; 
Appendix B of NFPA 385, Standard for Tank Vehicles for Flammable 
and Combustible Liquids, API RP 1004, Bottom Loading and Vapor 
Recovery for MC-306 Tank Motor Vehicles; and API RP 2013, Clean- 
ing Mobile Tanks in Flammable or Combustible Liquid Service. 
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A.6.12.3 For more information, see NFPA 77, Recommended 
Practice on Static Electricity. 


A.6.12.4 For more information, see NFPA 77, Recommended 
Practice on Static Electricity. 


A.6.12.8 For additional information, see NFPA Fire Protection 
Handbook, Section 3, Chapter 5. 


A.7.2 Further information on the properties of fuel gas can be 
found in the NFPA Liquefied Petroleum Gases Handbook and the 
NFPA National Fuel Gas Code Handbook. 


A.7.3.1 For more information, see Title 49, Code of Federal Reg- 
ulations, Part 178. 


A.7.4.1.1 For more information, see ASME Boiler and Pressure 
Vessel Code. 


A.7.4.1.2 For more information, see ASME Boiler and Pressure 
Vessel Code. 


A.7.7.1.3 For more information, see U.S. Consumer Products 
Safety Commission Working Group on Gas Voluntary Stan- 
dards, Position Paper on Gas Water Heaters to Prevent Ignition of 
Flammable Vapors. 


A.7.8 For more information, see American Gas Association, 
Gas Engineers Handbook. 


A.7.9.3.8 For more information, see Kennedy and Kennedy, 
Explosion Investigation and Analysis. 


A.7.9.4.2 For more information, see NFPA Liquefied Petroleum 
Gases Handbook, and NFPA National Fuel Gas Code Handbook. 


A.7.9.7 For more information, see American Gas Association, 
Gas Engineers Handbook. 


A.7.9.7.1 See sources listed in Section B.6. 
A.8.3.2.1 See Latine and Darley, Journal of Person Soc. Psych. 


A.8.3.2.2 See Bryan, “A Study of the Survivor’s Reports on the 
Panic in the Fire at Arundel Park Hall, Brooklyn, Maryland, on 
January 29, 1956.” 


A.8.3.3.4 For further information, see NFPA Fire Protection 
Handbook, 18th ed., Section 8, Ch. 1, by J. L. Bryan. 


A.9.1 While many of the basic legal rules and concepts are 
similar in Canada, important differences also exist. An investi- 
gator should be cautious about applying the legal rules out- 
lined in this chapter to investigations governed by Canadian 
law. For an explanation of the relevant Canadian legal, proce- 
dural, and evidentiary rules addressed in this chapter, see 
Hewitt, Five Loss Litigation in Canada: A Practical Guide. 


A.10.1 For additional information concerning safety require- 
ments or training, see appropriate local, state, or federal occu- 
pational safety and health regulations and J. W. Munday, Safety 
at Scenes of Fire and Related Incidents. 


A.11.1 For relevant forms that can be used to collect witness 
statements and insurance information and to track other 
records and documents relevant to the fire investigation, see 
NFPA 906, Guide for Fire Incident Field Notes, Form 906.6 (Wit- 
ness Statement); Form 906.10 (Insurance Information); and 
Form 906.11 (Records/Documents). 


A.12.6 For a relevant form that can be used to collect case 
supervision data, see NFPA 906, Guide for Fire Incident Field 
Notes, Form 906.0 (Case Supervision). This form will assist the 
investigator in keeping track of the progress of the investiga- 
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tion, including what has been done; what needs to be done; as 
well as assignments, dates, and other information that is perti- 
nent to managing the case. 

For additional information, see Icove et al., Combatting 
Arson for Profit. 


A.13.1 For relevant forms that can be used to record the pho- 
tographs taken and to sketch the scene, see NFPA 906, Guide 
Jor Five Incident Field Notes, Form 906.8 (Photograph) and Form 
906.9 (Sketch). NFPA 170, Standard for Fire Safety Symbols, pro- 
vides symbols useful in diagramming a fire or explosion scene. 
Helpful information can also be found in Section 11, Chapter 
14, “Formats for Fire Hazard Inspecting, Surveying, and Map- 
ping,” of the NFPA Fire Protection Handbook. 


A.13.4.4 Many references, such as NFPA 170, Standard for Fire 
Safety Symbols, are available that can be used for assistance. 


A.13.6 Further information can be obtained by contacting spec- 
ification organizations such as the Construction Specifications 
Institute (CSI), 601 Madison St., Alexandria, VA 22314-1791. 


A.14.1 For relevant forms that can be used to document phys- 
ical evidence, see NFPA 906, Guide for Fire Incident Field Notes, 
Form 906.1 (Fire); Forms 906.2a, 906.2b, and 906.2c (Struc- 
ture Fire); Form 906.3 (Motor Vehicle); Form 906.4 (Wild- 
land Fire); and Form 906.5 (Casualty). 


A.14.3 For more information, see Smith, “Firefighters Role 
and Responsibility in Preserving the Fire Scene and Physical 
Evidence.” 


A.14.4.2 For further information, see Massachusetts Chapter 
of International Association of Arson Investigators, A Pocket 
Guide to Accelerant Evidence Collection. 


A.14.5.1 Guidance useful to the investigator is available in ASTM 
E 1188, Standard Practice for Collection and Preservation of Information 
and Physical Items by a Technical Investigator; ASTM E 1459, Standard 
Guide for Physical Evidence Labeling and Related Documentation; and 
ASTM E 860, Standard Practice for Examining and Testing Items That 
Ave or May Become Involved in Product Liability Litigation. 


A.14.5.3.4 For more information, see IAAI Forensic Science 
Committee, “Position on Comparison Samples.” 


A.14.5.3.5 For more information, see Kurz et al., “Evaluation 
of Canines for Accelerant Detection at Fire Scenes”; DeHaan, 
“Canine Accelerant Detection Teams: Validation and Certifi- 
cation”; and Tindall and Lothridge, “An Evaluation of 42 
Accelerant Detection Canine Teams.” 


A.15.2.3 A detailed explanation of the process of creating the 
diagram can be found on pages 51-56 of “USFA Fire Burn Pat- 
tern Tests — Program for the Study of Fire Patterns.” 


A.17.3.1 For more information on fault trees, see NFPA Five Pro- 
tection Handbook, 18th ed., pages 37-41; NFPA 550, Guide to the Fire 
Safety Concepts Tree, App. C; and Kimamoto and Henley, Probabilis- 
tic Risk Assessment and Management for Engineers and Scientists, Ch. 4. 


A.17.4.6 For additional information on egress analysis, see 
Section B.7. 


A.17.4.7 More extensive discussions of fire dynamics analyses 
and models are included in the NFPA Fire Protection Handbook, 
and the SFPE Handbook of Fire Protection Engineering. 


A.17.5.2 Figure A.17.5.2 gives examples of forms that can be 
used in data collection for compartment fire modeling. 
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FIGURE A.17.5.2 Data collection sheet for compartment fire modeling. 


EXAMPLE FORM FOR DATA FOR COMPARTMENT FIRE MODELING 


Room Number Use 


Size (use diagrams if possible) Wall /floor/ceiling 
Construction 


Length 


Width 


Height 


Lining Materials (that represent over 10% of room lining) 
(Include thickness, density, and other material characteristics if known) 


Wall Material Percentage of Walls or Area Involved 


Ceiling Material 


Floor or Floor Covering Material 


Doors, Windows, and Other Openings [Enter all heights as distance above floor. If door sill is at floor, enter zero (0).] 


Openings to Top to Sill Width Changes During Fire (How?)1 


1For example: “Window broke at 10:33” or “Door was closed until opened by escaping occupant, then left open — Exit Time 10:30.” 
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FIGURE A.17.5.2 Continued 


DATA FOR COMPARTMENT FIRE MODELING 


Heating, Ventilation, and Air Conditioning (HVAC). Include air flows from HVAC systems. Give rates and positions of , 
supply and return or exhaust in this room. Also sizes and types of ducts/diffusers. 


Tightness of Walls, Closed Windows, Door Fits, etc. (Unless fit is very loose, classify as tight, average, or loose. 
If fit is very loose, try to get size, number, and location of cracks, etc.) 


Doors 


Windows 


Inside Walls 


Exterior Walls 


Fire History (List all significant events involving progress of the fire.) 
Time (hard or soft) Event 
eg. 110 am sofa involved, flames 3 feet high 
177 am room flas hover 
119 am large fire plume into hallway 
123 am smoke out of third floor window 


Initial Fuel |tem(s) Description 


Description Material 
eg. sofa polyurethane, with cotton upholstery 


Suspected I gnitor (List ignitor if known with qualification on confidence.) 
Ignitor:__ 9. cigarette 


Confidence: __ probable 


(Page 2 of 2) 
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A.18.1 The references in Section B.8 are of value when con- 
sidering additional technical information on explosions 
involving structures or vessels. 


A.18.2 For more information, see the NFPA Fire Protection 
Handbook, 18th ed., Section 1, Chapter 6. 


A.18.2.1 For more information on BLEVEs, see Walls, “Just 
What Is a BLEVE?” and Best and Walls “Hot Water Heater 
BLEVE in School Kills Seven.” 


A.18.2.3 For more information, see the NFPA Fire Protection 
Handbook, 18th ed., Section 1, Chapter 6. 


A.18.3.2 For more information, see Kennedy and Kennedy, 
Explosion Investigation and Analysis. 


A.18.7.3 Additional information may be found in Yallop, 
Explosion Investigation. 


A.18.8.1 For more information, see NFPA 77, Recommended 
Practice on Static Electricity. 


A.18.8.2.1 The following references provide additional infor- 
mation on flame speeds: 

Harris, The Investigation and Control of Gas Explosions in 
Buildings and Heating Plants. 

NFPA 68, Guide for Venting of Deflagrations. 


A.18.8.2.2 For more information, see the following publications: 

Kennedy and Kennedy, Fires and Explosions — Determining 
Cause and Origin. 

O’Loughlin and Yokomoto, “Computation of One-Dimen- 
sional Spread of Leaking Flammable Gas.” 

Rabinkov, “The Distribution of Flammable Gas Concentra- 
tions in Rooms.” 


A.18.8.2.4 For more information, see the following publications: 
Bartknecht, Explosions — Course Prevention Protection. 
NFPA 68, Guide for Venting of Deflagrations. 
Zalosh, “Explosion Protection.” 


A.18.8.2.5 For more information, see NFPA 68, Guide for Vent- 
ing of Deflagrations. 


A.18.8.4 For more information, see Harris, The Investigation 
and Control of Gas Explosions in Buildings and Heating Plants. 


A.18.9.1 For more information, see Hertzberg and Cashdol- 
lar, “Domains of Flammability and Thermal Ignitibility for Pul- 
verized Coals and Other Dusts: Particle Size Dependence and 
Microscopic Residue Analyses,” and USBM, Explosibility and 
Ignitibility of Plastic Abrasive Media. 


A.18.9.2 For more information, see USBM, Pressure Develop- 
ment in Laboratory Dust Explosions. 


A.18.9.4 For more information, see USBM, Preventing Ignition 
of Dust Dispersion by Inerting. 


A.18.12 For more information, see Institute of Makers of 
Explosives, Glossary of Commercial Explosives Industry Terms. 


A.18.17.3 For condensed phase explosives, a methodology such 
as that presented in U.S. Army, “Structures to Resist the Effects 
of Accidental Explosions,” can be used to estimate the amount 
and configuration of explosives necessary to cause the damage. 
Far-field effects are associated with the explosion damage 
that results from the air blast fronts and flying fragments. A 
TNT energy equivalent of the exploding system can be 
deduced from projectile weight, distance, and resulting dam- 


age. More details can be found in National Fire Academy, Fire 
Dynamics Course Guide/Reader, Unit 4 — Explosions. 


A.19.2.4 See Carman, “High Temperature Accelerants, A 
Study of HTA Fires Reported in the United States and Canada 
Between January 1981 and August 1991.” 


A.19.4.1.1 For additional information, see Icove, Incendiary 
Fire Analysis and Investigation. 


A.19.4.8 See Crime Classification Manual, p. 165. 


A.19.4.8.2 See Sapp et al., “A Motive-Based Offender Analysis 
of Serial Arsonist,” pages 4 and 71. 
The following are the numerical classifications for fireset- 
ting used by the Crime Classification Manual. 
Vandalism (200) 
Willful and malicious mischief (201) 
Peer acceptance/group pressure (202) 
and other — not classified further (209) 
Excitement (210)! 
Thrill seeking (211) 
Attention seeking (212) 
Recognition (213) 
Sexual gratification or perversion (214) 
Revenge (220) 
Personal retaliation (221) 
Societal retaliation (222 
Institutional retaliation (223) 
Group retaliation (224) 
Intimidation (225) 
Other (229) 
Crime concealment (230) 
Murder (231) 
Suicide (232) 
Breaking and entering or burglary (233) 
Embezzlement (234) 
Larceny (235) 
Destroying records or documents (236) 
and other (239) 
Profit (240) 
Fraud fires (241) 
Fraud to collect insurance (241.01) 
Fraud to liquidate property (241.02) 
Fraud to dissolve a business (241.03) 
Fraud to conceal a loss or liquidate inventory (241.04) 
Employment (242) 
Parcel/property clearance (243) 
Competition (244) 
Other (249) 
Extremist (250) 
Terrorism (251) 
Riot/civil disturbance (253) 


A.19.4.8.2.2 See DeHaan, Kirk’s Five Investigation, page 400. 


A.19.4.8.2.3 See Sapp et al., A Motive-Based Offender Analysis of 
Serial Arsonist, pages 7-8, 28, 31, 38, 41. Also see DeHaan, Kirk’s 
Fire Investigation, page 402. 


A.19.4.8.2.4 See DeHaan, Kirk’s Five Investigation, page 402. 
A.19.4.8.2.5 See DeHaan, Kirk’s Fire Investigation, pages 396-398. 
A.19.4.8.2.6 See DeHaan, Kirk’s Five Investigation, page 403. 


A.20.3.5 For further information, see Spitz, Spitz and Fisher’s 
Medicolegal Investigation of Death, Ch. 2, Thermal Injuries. 


A.20.4.2 For more information, see Section B.9. 
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FIGURE A.20.7.1.4 Example of a poster reminding persons of the law requiring the reporting of burn injuries 


(Please Post) 


REPORT ALL BURNS 
IMMEDIATELY! 


It's the law!* 
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REPORT ALL BURN MARION AND CONTROL 
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NYS DEPARTMENT oFs 


z 
\ F 

Gm Injury Report ( 

print ot Type 
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(Last, First, Ml.) 


4 DEAD 


box) 


istic, corres! 
furnace, iron, steam 


345-6811 


VERITY (Place apron 


) 
Ne 
it sai imminent and/or probab \e) [| 
\ 


N ARRIVAL 


4; mber in bo: nce 
aproPrN Ne or irritating substal 


exhaust pipe etc 


8) DEGREE! 
7 Dist 


ate number in box) 


OF BURNS) 
ond 3 


and released 


Call the NYS Office of Fire Prevention and Control 


24-hour toll-free hotline: 


1-800-345-5811 


ocee 


Any burn which may result in death 


*Section 265.28 of the New York State Penal Law 


STATE OF NEW YORK 
Mario M. Cuomo, Governor 


Department of State 
Gail S. Shalfer, Secretary of State 


A.20.5.1 For more information, see Section B.10. 


A.20.7.1.4 Posters are sometimes used to remind persons of 


the law requiring the reporting of burn injuries. A example is 
shown in Figure A.20.7.1.4. 


A.21.5.1.1 For additional information on steel and the effect 
of fire on it, see Lentini et al., “Baseline Characteristics of Res- 


idential Structures Which Have Burned to Completion: The 
Oakland Experience.” 


For additional information on the alloying of metals dur- 
ing a fire, see Beland, “Electrical Damages 


Cause or Conse- 
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2nd and 3rd degree burns 5 PERCENT OR MORE S.B.A. 
Burns to the UPPER RESPIRATORY TRACT 
LARYNGEAL EDEMA due to inhalation of super-heated air 


Office of Fire Prevention 
and Control 


Francis A. McGarry, State Fire Administrator 


quence?”, and Beland et al., “Copper-Aluminum Interactions 
in Fire Environments.” 


A.22.3.1 For additional information, see API PUBL 2216, Igni- 
tion Risk of Hydrocarbon Vapors by Hot Surfaces in the Open Air. 


A.22.4.2.3 For more information, see Severy et al., Automobile 
Collision Fires. 


A.22.4.3 For more information, see Cole, The Investigation of 
Motor Vehicle Fires: A Guide for Law Enforcement, Fire Department 
and Insurance Personnel. See also API PUBL 2216, Ignition Risk 
of Hydrocarbon Vapors by Hot Surfaces in the Open Arr. 
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A.22.4.4 For more information, see Severy et al., Automobile 
Collision Fires, and API PUBL 2216, Ignition Risk of Hydrocarbon 
Vapors by Hot Surfaces in the Open Air. 

For more information on mechanical sparks as an ignition 
source, refer to Campbell, Appraisal of the Hazards of Friction- 
Spark Ignition of Aircraft Crash Fires, and API PUBL 2214, Spark 
Ignition Properties of Hand Tools. 


A.22.5.1.2 For more information on fuel line siphoning, see SAE 
Paper 980561, “Automotive Fuel Line Siphoning,” by T. Green. 


A.24.8 It might be appropriate to consider the Incident Com- 
mand System (ICS) as a management tool for major fire inves- 
tigations, since it is gaining such a wide use among public 
agencies with fire investigation responsibilities. Incident com- 
mand information is available through NFPA, the Federal 
Emergency Management Agency/U.S. Fire Administration, 
state fire agencies, and many colleges. 


Appendix B_ Bibliography 


This appendix is not a part of the recommendations of this NFPA 
document but is included for informational purposes only. 


B.1 Fire Dynamics. For sources on fire dynamics, see the fol- 
lowing. 

Drysdale, D. An Introduction to Fire Dynamics. 2nd ed., ch. 1, 
p- 1, middle of third paragraph, 1999. 

Friedman, R. Principles of Fire Protection Chemistry and Physics, 
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B.2 Fire Science. For more information on fire science, see 
the following. 
NFPA Fire Protection Handbook, 18th ed., Section 1, 1997. 
Quintere, J. G. Principles of Fire Behavior. Delmar, 1997. 
Drysdale, D. An Introduction to Fire Dynamics. 2nd ed., 1999. 
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Proceedings, InterFlam 96, Interscience Ltd., London, 1966. 

Shanley, J. “USFA Fire Burn Pattern Tests,” United States 
Fire Administration, Emmitsburg, MD, FA 178, 1997. 
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B.6 Odorant Removal from Gas. 
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B.6.6 For discussions of soil adsorption of odorants, see the 
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and Soils.” Proc. Symposium on LP-Gas Odorization, 76, 1990. 
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Ford, R. T. Investigation of Wildfires. Bend, OR: Maverick 
Publication, 1995. 
International Fire Service Training Association. Fundamen- 
tals of Wildland Firefighting. 3rd ed. Stillwater, OK: IFSTA, 1998. 
Teie, W. C. Firefighters Handbook on Wildland Firefighting 
Strategy, Tactics & Safety. Rescue, CA: Deer Valley Press, 1994. 


Appendix C Referenced Publications 


C.1 The following documents or portions thereof are refer- 
enced within this guide for informational purposes only and 
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Beland, B., C. Roy, and M. Tremblay. “Copper-Aluminum 
Interactions in Fire Environments.” Fire Technology 19, No. 1 
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of Alcohol, Tobacco and Firearms, October 1994. 

Center for Chemical Process Safety. Guidelines for Evaluat- 
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Ungrounded....... 6.3.2.1, 6.5, 6.7, 6.9.5, 6.10.2, 6.11.8, A.6.10.2 OR DSE 6 ae LU UMM edict cns Sa ene Carns nae 6.7.4.1 
As wildland fire ignition source..........0...00ee00ee: 23.7.3.1 BOS PSI REG Ey hte ed da) a Pe aa BLD 
Cone patterns Insulation, color changes in ........... 006.0000 eee eee 6.10.6.1 
TRE red it re te echt tote ch font hand toda hate se Viton Le 4.17.2 Overheating connections ..................05. 6.10.4, A.6.10.4 
s EENTTCee Cs Aaa ae a ara 4.2.2.1, 4.9, 4.17.5, A42.2.1 SUEEECDIIS OF 9 nevansa irs aha aie caiycoie tinea! ta eee KS elle 
Confidential communications ...................0c000e0e 11.2.3 Copper-nickel alloy SP BS ETAT OG SAUTE IS BETES, Table 3.3 
Configuration of fuel.......000...0...0c0c eves eee eeeeees 16.4 Cords, electrical power .................. 6.11.7, 21.5.2.1, 22.4.2.4 
Gonbined fires! coal oe te ee ut a tees Hi EN egies Gormet effeets ob oh5 ei 6b 4 O44 AAAS Se eee dan eas od SODAS 
Confined fuel gas and liquid vapor....................... 18.6.3 Corners, burning of... ........-- 20... eee eee eee eee S31 
Goiikerouis Witted ns ccs ee beoicceese edhe ee oo oh hee ee epi Be on 93.9.9.3 Coroner/medical examiner ..................... 11.5.2.5, 20.2.3 
Connections COPVidGts 40 oi Eo Bae dO RINE EEK HE RS cw 19.2.3 
TG ne code teeetaereoe eet: Bu a ae eae s 6.11.4 Corrosion, fuel gas pipe .................... 000. e ee eee 7.9.3.7 
‘< Cotton: Dans se Kes eos eae Fos Va ee DN wes Table 3.4 
cree aie Wag eager ag atau acres Cotton mattresses. ... 0.00.02 Table 3.4 
POGUE) poeta eee eeh aie enewe Retna yeaalte eenren BB County government... .......... 0... eee 115.2 
Consent, to property entry...........-... 00s eee eee eee eee 9.2.3.1 Crawl epates, cos y-feadihe girs be re bene tae 19.2.3 
Constitutional considerations, for evidence................. 9.3.4 Crazing of glass... 2000000 4.13.1, A.4.13.1 
Construction .................00.0.008 5 see also Design, building Crime concealment, arson for ............ 19.4.2, 19.4.8.2.4, 22.10 
Alternative residential «1... 0+... seer eee eee eee 53161 Criminal acts, fire resulting from.............. 10.3; see also Arson 
Assemblies... 6.0... 0 eee eee BA Criminal investigation, death scene ....................55. 20.2.3 
GOncréte-Or MAsONPy = she AAS HEEM US are ole Ot DAD Criminal prosecution............ 9.4, 14.11, A.9.4.1.1; see also Arson 
Explosion damage, effect on .................000..00-.. 5.2.6 Criminal search warrant ............0.0.00 000 eee eee 9.2.3.4 
Fire development and .......... 0000. e cece cece eee ee D2 Critical radiant flux ...................000- 14.10.2.20, A.4.16.1.4 
MAteHAIS Ssh hui SR bb ec gach nde Abt Declsl gh dealels Sched Pec slecessiBeD Ss Crowd photographs ....... 0.2.0.2... 0.0 cece cee ee 13.2.5.2 
WA tale tess Mercer, seth a oe Mars SP g er ae ios oy ded TEAL Crown fuels .............. 00000 e ee eee 23.2.3.1, 23.3.5.5, 23.4.5.2 
. Cupping, wildland fires............. 00.000 eee eee eee 23.4.4.2 
MESSI WObtaRiiL ein ecds ees ere Gaia denies PSN ad Ps bake by ake dda oes te a oe dee 1.3.30 
Noncombustible ........0.0.. 0000 c cece eee ee es DBA Custodial setitigs 2.70 222 decked 2 wteteas tna cd ccke chia 03.4 
Ordinary «1... 61sec eect 582 Cylinders, LP-Gas.................00..005. 7.4.1 to 7.4.3, A.7.4.1 
SICA TAME 6 suyx oh ach Bie D RAE EN RNS A RAED Bade DLO 
TY POSiOE sic Ais i ghd Ries Coe ani oe aged Rage Sad PS goad Ma Saas ae ROO “De 
Consultants, technical... ......0.0..0.00.00 0000 c eee eee 12.5 Damage 
Consumer electronics. .............0.0 0.000 e eee eee eee 21.6.14 ATSOM seein tet e tte ete 19.2.8, 19.3.5 
Containers Assessment... 0.0.0.0... ccc eee eee 11.5.5, 12.2.6, 15.2, A.15.2.3 
FMGGQCE 2 cata chee deiada wa dei ada wack see Evidence containers EXPlOSiON 3.6.53 spves hoe. cued eiy dieters 18.8.2, 18.13.3.1, A.18.8.2 
TSPAGAS 5. Dhiee atic teen end See ees one he peceonteieee dawrenbnee 7.4.1 to 7.4.3, A.7.4.1 Characterization of ............. 0.0.20 e eee 18.3, A.18.3.2 
Containment, at fire scene................. 000000000000. 12.2.5 Patter: analysis’. cise ees aa dee Pe ere tae dane 18.17.2 
Containment vessel. . 18.1, 18.5, 18.8.2.4 to 18.8.2.5, A.18.1, A.18.8.2.4 Negligence, loss due to... 6... 2k eee eee 9.6.1 
Venting «6... eee eee eee eee eee 18.4.1.3, 18.8.2.6 Wildland f1r€8 foe ice .cies estes ea ada eed eas Wee PEW ee ba 23.4.2 
Contamination Danger, perception of ...........0. 0.00 cece eee eee ees 8.8.1 
Ofevidence ss... ce ein eens Seek tees 14.4, 14.5.3.1, A.14.4.2 Data collection and analysis ..................0.04. 2.3.3 to 2.3.4 
At re sCene: s..:85: Cea eis Ad ads a bos dee ates Ben Spa een Lad 12.2.5 Date, ofincidénté5.3:s6e5 is bes ath Bet a ER ea bak OR 12:22 


2001 Edition 


921-212 


FIRE AND EXPLOSION INVESTIGATIONS 


Dad OAS 3.9.53 ste5 es eseetGie laches Beale ohucnttnd % echile Mente Bie ON Vase Bek 
Dati 505506 chec gah Sy oes Bio eee ee eee see Casualties 
Debris 
Contaimment-of is os os ices aphessl ou a eae ok dhe aed 12.2.5 
Explosion 
Analysis of... .........0006- 18.13.3, 18.14, 18.17.2.1, 18.17.4 
High-order damage ............0..0 020000. 18.3.2, A.18.3.2 
Low-order damage... 6.6... eee ee 18.3.1 
Scene perimeter-and oy. yee yok ee FSSA SESS 18.13.1.1 
Motor vehicle fire ignition source. ........... 0.0000 e ee 22.4.5 
Removal of .......... 0.0 cee eee eens 15.7.1 to 15.7.2, 24.22 
Total burn analysis ©... 2.6... eee 15.9 
Wildland fire ignition source. ...............0 00. e eee 23.7.2.3 
Deductive reasoning. ...........0 6.0 cece eee 2.3.6 
Defects, liability for .... 0.0.0... eee 9.6.4 
Defense Department, U.S............... 00... eee eee ee 11.5.4.3 
Defining the problem............... 0.0.0.0. eee eee 2.3.2 
Definitions. .............0 0.0 eee 1.3, A.1.3 
Deflagrations. . . . 18.1, 18.2.4, 18.7, Table 18.13.2, 18.13.3.1, A.18.7.3 
Definition ya 3 Fos, a Sd aia oad a8 ead aE othe aE See 1.3.31 
Outdoor vapor cloud .. 1.2... 6. een ee 18.11 
Reflection of blast pressure front .................0-005 18.5.1 
TEM Peratunes: oda ceiei sleep Sepa sep atte rare Seeley Mee ee 18.4.3 
MENUS Of opieccontie wutionare sun wha one le petes aa aee aba at 18.4.1.4 
Deformation of materials.................. 0.00 c cece eee 4.9 
Delay devices. 0.0.0... cece cence ee eee 19.2.7.2 
Demolition 
Documentation prior to... 6.6.6 eee 13.2.1 
Injunction against.....6 coed eed Be ed ie ENG ee 9 72:2 
PRESErVAU ON! ANG x2 oc stn. s.suciavelnat etuntind aa acetal oi nedauacbye,gestsennch se 14.3.6 
Demonstrative evidence ...................see Evidence, Physical 
Density of materials ........................3.2.1, 3.3.1, 4.17.7.2 
Depth of chatiy s:j0..0.200 4.9% 0, Massa Se nk Ee wha be, aed see Char 
Designs Pcie eos toca. 3g 6 sch is wha inden we Roe: Foae Ao DOD 
Computer fire model survey ...............0000-00-04-. 5.2.5 
Explosion damage, effecton............... 0.00000 e ee 5.2.6 
Material ss acct nde t a ea ate Macnee EN Ca ey URE Gealld WIG Seal sdea DLL 
Planned design compared to “as-built” condition .........5.2.2.5 
Design defects sci ec fase ald othe Fahd Sete Hetles, cto, adn eae Bae 9.6.4 
Detection (definition). .............. 0.00. c eee eee 1.3.32 
Detectors and detection systems... . . 3.5.3.1 to 3.5.3.2, 15.6.1, 24.19 
Detonations............... 18.2.4, 18.6, 18.8.2.5 to 18.8.2.6, 18.11, 
Table 18.13.2, 18.13.3.1 
Definition 5.0.5.8 3 fas Gases ska Sd ae A ech elane ck SEA aoe eae 1.3.33 
MEM Peratwres ces th eae dees bt ba ee bw Lt he 18.4.3 
Diagrams.............. 9.3.2.1.1, 14.5.1, A.14.5.1; see also Drawings 
Appliance fires: 5 20 of sce sald ted ahd Sid Gath dre eaters 21.2.2 to 21.2.3 
Casualties 
Burns and injuries ess: 6 ge ces Cale oi ceeded el eee ed bk 20.6.10 
Death scenester cis shal otek eae ais Me tee ash bs 20.2.2 
Depth of calcination. ........6 6... eee eee 4.12.2 
Depth-of-char surveys. . 1.6.6.0... cece eee 4.5.3.1, 15.2.4 
Explosion dynamics ..... 0.6... eee ce eee eee 18.14 
Explosion scene ..... 26... 0600 eee ee eee eee 18.13.3, 18.13.3.4 
PlGOr plans? Nand fs eshaacd Svaceionsnd suaee, mand Sysednsns roca 376 8 15.9, 24.19 
Isotherinal’s 4.45 GUGM ae eh eee ee das 18.17.5 
Major fire investigations. . 2... 0.6... 24.20 
Motor vehicle fires .. 2.0.00... eee cee eee 22.7.4 
HOO aioe Pasi Betis aed deine B Sed Wad BoA ae Pek ied wee, eID 13.2.3.3 
Pre-ir€ CONTENTS. yeas CoS Eee ae Oe bea ee Fig. 13.4.2 (c) 
NOCLOR 53,245 Gos Tea ide Pe ees BAe seeks RGus be Behe 15.2.3, A.15.2.3 
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Dielectric withstand voltage .....................005. 14.10.2.29 
Diesel-powered vehicles ................0 000 eee eens 22.5.1.3 
Dimi rs 5335.3 a Sosy aree Ria Noe Megane Bee eats aes Ma Geta as 21.5.9 
Directicurrenity sc shoes ks is ae es ohh dee ace hae ees 6.2.5 to 6.2.6 
Dishwashers? 503.35. 20siy whos Bae GAs Gh See age B atese ak Re te Sik ss haus 21.6.6 
Documentary evidence ................... 9.3.2.2, 9.3.6.3, 9.3.6.5 
Documentation . see also Diagrams; Photographs; Recording the scene 
ANP Pian CO LIT ES seats oe esse eee oye aes Ranoe ee Bele pe eaeee 21.2 
Casualties 
Burn iijuries: e323 sos ns cele ties Hea vedas Chea 20.7.2.3 
Death Scene ao Hope ey dines tip te Rah See Meee ee ene 20.2.2 
Postmortem tests and examination .................05. 20.6 
Explosion scene................64. 18.13.1.2, 18.13.3, 18.13.3.4 
Fire damage... 0... cc eee tenes 12.2.7, 15.2, A.15.2.3 
Interviews oi ate acicg tte ote oe at hid water ange 11.4.7 
Major fire investigations ................000000. 24.19 to 24.23 
Motor vehicle fires........0.0. 0000 ccc c eee eee 22.7, 22.9 
Physical evidence, collection of ................ 14.5.1, A.14.5.1 
Doors .................. 3.5.3.2, 4.2.2, 5.4.3, 11.5.3, 15.5.5, 17.6.2 
As arson indicator... ... 0... ccc eee 19.3.5.1, 19.3.6 
Venting through: cate s0.s sk eeenares eek ee eee ate eee ae 18.8.2.6 
Doughnut shaped patterns ...................0..00000. 4.17.7.3 
DPAWINGS 622558 ose 5 Eee aa feted GA EE Ca ced Ma lead Ga cea 13.4 
Architectural and engineering..................-. 13.4.6, 13.6 
Déath scene s.2.5 fae hele he hes Sahel lh ee had og Be 20.2.2 
EXplosiQmis Cem 56.3 j0hy0 doe a assist heen sheet teamed oue ass 18.13.1.2 
Major fire investigations ............ 0.0000 e ee eee 24.19, 24.20 
Minimum (sketches)...............0005 13.4.5, 14.5.1, A.14.5.1 
Motor vehicle fires.........0... 0000s 22.7.4 
SeleCHOMOL 325 sa alone Ra teaes beer ep oe ME ROO Mie tok 13.4.3 
SyMbOls:.nasausaa tis Lae seed aes SAG 13.4.4, A.13.4.4 
MV PeSiOk 5 tet tanaka cenen cea e Meee Citta oe ee taa a etn ets 13.4.2 
DOP GOW iso js eho Babe tee te al ee he ae ate adele ba Monte acd ae 4.16.4.2 
Die finn thom 7 stance sin a cis sje Moone nibee 008 Steen stu ubaslane toda atone tok 1.3.34 
Dryers 
GOTH sists ected A A A ioe Sanda ad seas talons 16.3, 21.6.13 
PANT hte eat es tele Ons i ar ech eacatetde See erect 21.6.11 
UAE ee siaseck, sk ahaa a ond th cleo anes oe bee ousov ences tage 23.2.2.1 
Dust vsuta ee Dew aa hee dated foe eanee dag ae see also Sawdust 
Concentration ............0 0c ee eens 8.4.1.2, 18.9.2, A.18.9.2 
CONGUCHVE 54: F ee bes RE seta ete te eden wea Motes oad 6.9.4.4 
Explosions .............. 18.2.4, 18.7.3, 18.8.2.6, 18.9, 18.13.1.4, 
Table 18.13.2, 18.14, A.18.7.3, A.18.9 
ExplOsivity® sc. ecex. steven A0e%s PE ee Puen ete Genet eed 14.10.2.25 
Ignition properties Of... 2.6.0... 6... eee eee eee Table 3.3.4 
Minimum ignition energy.................6. Table 3.3.4, 18.9.5 
MOIStur s,s shoes Go eaho yas igen aa aatunye BON 18.9.4, A.18.9.4 
Particlessize: bc5.) bes) Beak tok te IA ad a oe 18.9.1, A.18.9.1 
Secondary/multiple explosions .......... 18.9.6, 18.13.1.4, 18.14 
Static electricityand ....... 0... ccc cece eee 6.12.2.6 
MAD UCN CO iors tere sce eh ooh sewer tits es ao Mineieotade aaaehe erebaneieb eee 18.9.3 
Duty (negligence)... 2... 6... 9.6.1 
-E- 
Educational institutions.................. 60. e eee eee ee 11.6.11 
Effective fire temperatures (definition)................. 1.3.118.3 
Egress analysis ................. 0000s eee eee 17.4.6, A.17.4.6, B.7 
Eléctri¢: blankets 5:52. sf. es c3 4 goth Sight hed Laat gate BB 21.6.9 
Ele Ctric Current sco. 5 ota. asses tle ws Boot aebed ated Seer satol dt 6.2.5 to 6.2.6 
AMPacClty lin Ges aad Fa Pe ew uN Abe olives Wa whe ahs 6.2.11 
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Amperage, calculation of.......... 0... ccc eee 6.2.16 Environmental conditions ................0 0.0.0 e eee eee 24.12 
Overcurrent........ 00.000 c eee eee eee eee» See Overcurrent Equipment 
Blevtvie sieter 2. oo oe Se hh ore Se ela Sn Bos Rig og No ts 6.3.3 Mleerical cc ica oa hee ain see Electrical equipment and components 
Electrical energy ........ 2.0.6.0 0. c eee ee 6.2.14 to 6.2.15 Improper maintenance and operation of ............... 8.4.1.1 
Electrical engineers. ............. 0... cece eee eee ee 12.5.3 Incidént-scéne sos. 3 8 Sores Sk eles See ee ls 12.4.1 
Electrical equipment and components .......... ‘ see also Appliances Protective .............. see Protective clothing and equipment 
PROCLANG Leper nen yaaa ha ge pee osha Sa aban ied 32 Specialized cs a5; deea weewed ly advumaleneon eevahn ven re 12.2.6 
Collection as evidence ............0 0.000 ee eee 14.5.5 to 14.5.6 Petipa ahr tea te Aa tnd sas hn Oi Ld hic 88.4 
Cords: POWER x2 iene dee Sui oboe 8 ak let etek ae 6.11.7, 19.3.2, 21.5.2.1 Prat ec ence cent ee tecacn oh diye ao a ete ee Ma, 18.15 
Examination and testing ........... 6.6. c eee eee 14.10.4 Eihianial eee See hl een dant eee Table 3.3.4 
Gas utilization equipment, electrical components of... ... .7.7.1.7 Ethyléne tes!) pide. Sia Sb Aas GA Seed obs Table 18.8 
As ignition source... .. 6.6.6... eee ee eee 6.1, 6.9, 19.3.2, A.6.9.4.4 Evid OM CO 52sec as ap eR Se een eR te Buses 9.3; see also Witnesses 
Pré-fire: condition: Of ose. fied aus ees Fads ee beled Ps 15.6.1 Authentication es siatsles Ten ee Kaleees Male ee Mewes ba 4 9.3.2.1 
Shippin OF ats pig wees ee tees ee ee eee ca 14.8.2.1 Burdén:of prook..: dises.stgencls eats latanes Sao dary ed anid 9.3.5 
Transformers, step-down ........ 6.660 c eee 21.5.2.2 Casualties 
Vehicles: iatigtg oe hoses Reed eueedtee Be Ieee 22.4.2 Access to medical evidence. ............0 00000 ee eee 20.7.4 
Electrical explosions. ............ 000. 18.2.5 Burn injuries: v.45 sis Seales ae On OER Sate 20.7.2 
Electrical hazards ...... 1... +. +. sees sree eee eee 10.2.3 to 10.2.4 Death scene .........0 0.00 c cece eae 20.2.1 to 20.2.2, 20.2.4 
Electrical systems ...............0..0 200000. 15.4; see also Wiring TAAL hh hk td sey, te tt A AA 20.7.3 
aids Re eee Ce eRe rea ety Postmortem tests and documentation................4. 20.6 
Grounding requirements... ....... 0.6.06 c eee eee eee 6.5 Te er oe a re Rudencé containers 
ontainers séé KV1 
PEE ANG Ne ne aves alte TE ys Tae sta Destruction, disposal or removal ....... 9.2.2, 9.3.6, 14.11, 15.7.2; 
Phase service... 12... + 0s sees eee etter eee eee eee 6.3.2.2 see also Demolition 
EIAASTOR aie Nira ty AES BROS ADS eee sree Cee arae Nocanientaiys ds nov estapesalevaateas 9.3.2.2, 9.3.6.3, 9.3.6.5 
SS 6.3.3 to 6.3.4, Fig. 6.3.3 Documentation of. ......... 0.00.00 0000 ee see Documentation 
Service equipment..................00. Fig. 6.3.3, 6.4 to 6.5 Explosion scene...........0000ceeeeeeseeeeees 15.5.4, 15.6.3, 
Single-phase service ... 66.6... cece eee 6.3.2.1 18.13.1.2 to 18.13.1.3, 18.13.3.1, 18.13.3.3 
Considerations and cautions ............ 6.10.6, 6.11.3, A.6.10.6 Fire suppression activities, effect of ............0.00.004- 90.2.1 
Interpreting damage to .............. 6.10, A.6.10.2 to A.6.10.5 TIGACSOULCE. cen los ee oe ice ete Oke. ws 15.2.3, A.15.2.3 
Outlets and device ... 0.0.0... eee tenes 6.8 Major fITe SCENE . oo occ ccc ccc bcc e bee neeeue 94,99 
Vehicle... 0.66.66 esse cece eee e enn enes 22.4.2, 22.5.3, A.22.4.2.3 Photographs..........---+++: 9.3.2.1.1, 9.3.6.3, 9.3.6.5, 13.2.5.8 
Electricity Sa Meas Cte teCusedertc cute cesses ateGe elena see also Static electricity Physical... 0.000 cece cece eceeee cece 9.3.2.1, Chap. 14, A.14 
Basic oa Pg hae DO ee Oe © A Wet MA Vandi oe Oe ACcelerants ver 2c ts aed ed Gadaled alas ea aera see Accelerants 
Bie aie eS ol Sh ech SNe eS OL BU aL 8 Rae Chap. 6, A.6 A lidne ear etacie ett ttc thon tec bonaiacene bitter 145.6 
As ignition SOUrCE.. 1... eee 6.1, 6.9, 16.3, A.6.9.4.4 Fs pctg acta ce sheet chonieminnss cack, tet feet tes Rees 19.4, 4.19.4 
Appliance fires PD FOS Dad OOS ah Be a ON AT ole et eA eae ee 16.3, 21.4.3 Artifacts RPE g PRL Mh th ct me Ta Rt eg 14.3.2 to 14.3.3, 14.3.4.1 
eR OER ae Cg aa Ce RN RAS CR RA NEET aoe Chana Or Custody win seunenhaeelnis euler eaeete 9.3.2.1, 14.9 
Motor vehicle fires..............005 22.4.2, 22.5.3, A.22.4.2.3 . : . 
; Collection of...............200005 see Collection of evidence 
Wildland Ares és ihc ante hc aaa Sade nd ee ae Oe Cow cee 23.7.3.1 : 

, , Comparison samples................055. 14.5.3.4, A.14.5.3.4 
Ee ere ae ies Naseer neta sins ee Conductors, damage to 6.11.6 
Elevation, patterns determining ......................... 4.16.4 Pee gee ESE Se awe Bean ead eur oa Se 
Ba betse ce ee nee, ote ee NO Any 4.2.2, 23.3.9.1 Contamination of ...............200. 14.4, 14.5.3.1, A.14.4.2 
Emission control system, vehicle .............0.0000000005 99.5.2 DeHnr Ones hale asic al sities Mahe Ra ete OAD eS ah Rentesgens 14.2 
Enclosures, and fire growth ......................3.5.4,A.3.5.4.1 Disposition Ghd OEM, be ON ed ae Hee hae Se 14.11 
Endothermic process ..........5. 0000 c cece ee BS Documentation ............ 000 cee eee eee 14.5.1, A.14.5.1 
Energy Department, U.S........ 0.0.6.6 o eee eee eee 11.5.4.13 Electrical equipment and components ......... . see Electrical 
Engineering drawings ....... 0.0.6.0... 66. e eee eens 13.4.6 equipment and components 
Engineering schedules ......-..- 6-0 +. se sees eee e renee 13.5 Examination and testing.................00.0..0000, 14.10 
Engineering specifications ..-. ++ +++ see sees ene e ees 13.6, A.13.6 Explosion(s)................. seesubhead: Explosion scene 
Enguicets BF pen pee ee ae es i Ae aed fe) Fire patterns as ................. 14.3.1; see also Fire patterns 
Engines ....-- 66... see e cere sees 7.8(e), 16.3, A.7.8 Gade avecta asian 1454 
Entrainment.............................. 3.5.1, 3.5.3.1, 5.2.3.2 SS Sd tes eae npr ecaey peter tsar planet Bie oaaye ta ciple tags _ 

WICHAIAOR aiaven nen: dene we anal mtd noetunsed nen Sanuansed § 1.3.35 Hand MeDNeny OF seein ie eg Meanie mnt eee] ee 
Entry Identification of. ...... 0... eee eee eee 14.7 
Blocked/obstructed ........ 06.06.00 eon cece eee 19.3.4 Liquids ©... 0... e cece eect tee eee ee 14.5.3 
HORCEOrS dt het te eb at ale ab pete tt hh cet be 4 tt Lhe 15.5.3, 15.5.5 Présérvation’ Of. «30:6 deals wio eas sleds jade aces 2.4.4, 14.3, A.14.3 
Limiting, to preserve scene .................0000005 14.3.4.2.6 Shipmierit, of 32%: 3h seh As oa ed 2 ee GES eco ote 14.8.2 
Major fire investigations................0....2000, 24.5, 24.14 Storage sis aE Le ide necked EE Sneed 14.8.3 
Meth odiot a soar i diei8 Ge td cane 4,88 She dol ata Aes AEP Bae DS 9.2.3 Traditional forensic. ... 2.6.0.6. 6c cee eee 14.5.2 
Byoccupant:.334. 4 htt ee ee ee hae Bada eh 24.7 Transportation Of... 6.6... eens 14.8 
Right Of i. cag va oes aes HO eo 9.2.2 to 9.2.3, 12.2.7, 19.2.1 Volatile or hazardous materials ................0006 14.8.2.2 
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Preservation:Ofiis, sxiyns.0 seis ot, clings Eire ichadlear haem ORAS 9.3.6 
Removal .f.3.22 14nd Eide ts aise tis Recon bt Ween cig Dis aioe 9.2.2 
Rulésiofcs Mares ii b he eee we he ee 9.3 
SpoliationsOfes 5. css) ons see treet Pea hes aa dete ade ale 9.3.6 
TestimOnial.o3. stot cvhsw be Pes eed h Ale kis ence 9.3.2.3, 9.7.2 
Total burn investigations ......... 0.60.06. cece eee eee 15.9 
WY POS Of sees. e ete real eae iesite Saeuetend ues BAM} Soe TPN SS 9.3.2 
Wildland fires... 0.6.0.0... 0.000 e eens 23.5.2.2, 23.5.2.4, 23.8 
Evidence containers 
Accelerants, liquid and solid ............. 0.000000. 0 eu 14.6.1 
Contamination Of ..... 0.6... 14.4.1 
Gl ASS JANG Hi oussesccieceutiresdal se ound shar Sous Saabs auntie heen pcbadn edo ee 14.6.1.2 
Marking aa Aoele den edaing banated hone cote eae 14.7 
Metalicansins oc rele Selid is Paci cos ds elt Saclinta eon aucun tks 14.6.1.1 
Plast @ Dag Fue st. Since ies is spon aiegh Sec poeaties is, sageeattuatler’ rate wh G8 14.6.1.4 
Special-éevidence:bags ic... 41. a a otto asain ie tation a8 14.6.1.3 
NV PESOF Pts ose th ate detente MA ehe the ome 6 14.5.3.1, 14.6 
Evidence technicians. ............ 0.06. c eee ene es 24.22 
Exemplars's 25 ).0.cc8 he Os. tae aie tls Ph oltd speeds 14.10.4, 21.4.5 to 21.4.6 
Exhaust afterburners ...........0..00.000 ccc e eee ee 7.8(g), A.7.8 
Exhaust systems, vehicle................ 000.00 e eee eeee 22.5.2.1 
Exigent circumstances (entry method) .................... 9.2.3.2 
EXits sce Gab Wh tet 5 ae dusne Seeust capes hare ssa land eee 8.3.3.1 to 8.3.3.2 
Exothermic reactions .............0..0 00 eee eee eee eee 33, 18.2.3 
Experts: 2. se) sosdvaewecus ene bee 9.7, 12.3, 12.5; see also Attorneys 
Explosion (S): \o3cc5.c5. 8 seers lag eo ket a aoe ats te te eae ek Chap. 18, A.18; 
see also Damage, Explosion; Explosion scene; Explosives 
Backdraft or smoke ...............-055 18.2.4(4), 18.7.4, 18.10 
Biblidgraphy-s.:.30% 48a Saati eo et oe dads Sota B.8 
Blast yield correlated with damage incurred ... 18.17.3, A.18.17.3 
BGEVEES 0553506500 ie jee Sse in bso en Seed in Spon Sher Uae: HE see BLEVEs 
Building design and construction, effect of............... 5.2.6 
CAUSES. OFF 2 Set hw it ES aes re abe, BALE ot woah wes 4.17.8, 4.19.2, 16.1 
Atialyzin Ge i6 ech eae ed Sse oe ee Sees 18.17, A.18.17.3 
Fuel sources) 5, 2.00 uae inden is 18.13.2.5, 18.13.2.7, 18.15 
TBMIMON SOURCE cS ein cerca ional Doousceed old hugh io bed Gemcbamrhee Rector 18.16 
Origin. ................... seesubhead: Origin (epicenter) 
Characterization of................ 18.3, Table 18.13.2, A.18.3.2 
Chemicals. 3.0ct4 5.4 Hawa ees 18.2.3, 18.4.3, A.18.2.3 
COMDUSHON 5.5 566g docs eonlae Rh etpe cab adult ed te HS 18.2.4 
Confined fuel gas and liquid vapor.................054. 18.6.3 
Deaths and injuries from ...................055 5 see Casualties 
Definition cs cess. MST ae ok Se LSS SRNR ee Bios 1.3.36, 18.1 
DUS bo Bape tty sheesh toh geting eares: sree oe eed see Dust, Explosions 
BAECS Of 5 cis. c Saat atans Me ae eines Ra Pass aa wows 18.4 to 18.5 
Bilectricalii:s 44.5 vets be nae eee hee eee are beoiat ds ee 18.2.5 
Evidence of....... 15.5.4, 15.6.3, 18.13.1.2 to 18.13.1.3, 18.13.3.3 
PUP eS sain iacie tas Seed nt eh edge a eG epee ah lh, ens Dy a ct Table 18.13.2 
Fuel gas.......................... See Fuel gases, Explosions 
GAS iris ides sukositch osha hutesndsinieel dceuse ko uy mae see Gas/vapor explosions 
High-order ............. 18.3, Table 18.13.2, 18.13.2.2, A.18.3.2 
Definition secs eke sures Ge Meats oh peated eaten oak 1.3.36.1 
Human injury criteria ............. Table 18.13.3.1(a), 18.13.3.3 
Tlenitifyiin Os ie hou Sead Syaceitss ead ending Sacd andpele these GaP eases 18.13.2.1 
Low-order .............. 18.3, Table 18.13.2, 18.13.2.2, A.18.3.2 
Definition’: can sa asks SPARS ota 1.3.36.2 
Mechanical) i... ¢.fc04.4.c3c6be-bb elaine sacd oe aac 18.2.1, A.18.2.1 
Multiple. 3.2. foto eon ge eateeace ed suas d see subhead: Secondary 
Nonséatéds i3..ies etnies thee bs 18.7, 18.13.2.3, 18.14, A.18.7.3 
Nicleat:c23-caccie Choe etka et Oi ats PAS BS Bi ha 8 18.2.6 
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Origin (epicenter)........ 15.6.3, 18.6, 18.13.1.3, 18.13.2.6, 18.14 
Outdoor vapor cloud. ... 0.6... e ee ee 18.11 
Pooled flammable/combustible liquid ......... 18.7.2, 18.13.1.4 
Pressureivessel 2 sh ves gaia tie ie etal PR eed Ras Re Ba 18.6.2 
Property damage criteria ...............5.. Table 18.13.3.1(b) 
Responsibility for, determination of...................64. 16.6 
DEAU OF asain tdhs wguap edie a ales end go ousannge Chane) ane bucndiio andecen ber anaes 18.6 
DCF OT ng al aie ese a alesis tat Susie's fue a telieen chided tet Settee 1.3.36.3 
Seated soscsraes silcien eas 18.6, Table 18.13.2, 18.13.2.3, 18.14 
DEfMINON 8.0.5 oss Peta cds Stok eek ee te Rated Se wed kal 1.3.36.4 
Secondary.......... 18.8.4, 18.9.6, 18.13.1.4, Table 18.13.2, 18.14 
CFO FPS ods aay rte cose ate Be Gees een ee aga 1.3.36.5 
Smokes cae ents eee aR ods ea ae ate de oh = ¢ See Backdraft 
MYPCSiOF sian Kee has aS toe 18.2, 18.13.2.4, 18.13.2.7, A.18.2 
VaApOF to satier 4 atetie aio tewhnte, can he stead see Gas/vapor explosions 
VEN UGS Fo hG)-5 Sects, hs stig eve ne Samiechgred edad dicdgros seks ie gre LE VEMEING: 
Explosion dynamics analysis................0 000000 e eee 18.14 
Explosion scene 
Analysis of cause... 6... 6.6.0 ee see Explosion(s), Causes of 
Detailed assessment... 6.6... eee 18.13.3 
WD ainag evCHe Cts si eFe5 OA: Se ee ca eee este gaan cathe 18.13.3.1 
Evidence collection........... 18.13.1.2 to 18.13.1.3, 18.13.3.3 
Force vectors, identifying ..................0.0005 18.13.3.4 
Preblast and postblast damage..................-. 18.13.3.2 
Identification procedures 
PUre SOurce oes eis ee ee OS Re ed 18.13.2.5, 18.13.2.7 
Ignition SOULCE 1... eee eee 18.13.2.8 
Of incident as explosion. .............6 000s ee eee 18.13.2.1 
Type of explosion ...............000000- 18.13.2.4, 18.13.2.7 
Initial assessment 6 si 5 fad hh Jape Sack 28 vB HP See se 18.13.2 
Investigationioks 01. Sk ges a. Meee ae ae eas 18.13 
Perimeters Of... 0... 0. ce ee 18.13.1.1, 18.13.1.3 
Sahety cosh PARE ie let ts MO ld ed ea OE 18.13.1.4 
Search pattern for).2 3.5 sasha a weed aah ie Pale des 18.13.1.3 
SOCUT ty Of Gases ea lle os Sass dea Oates eee tats 18.13.1 
Explosionproof outlets and fixtures ....................... 6.8.3 
Explosive devices... 0.0.0.0... nen 10.3 
Explosive incidents..................... see also Explosion scene 
TnvestigatiGnsGf ~issticsa stele estan ute eels wiepd Rey Sees 18.12.3, 18.15 
Sate ty, a cys Ser slik oy taotiun chau: Shave dy So Sout aisheid Roa skies Boas ae 18.13.1.4 
Explosive materials (definition) .......................... 1.3.38 
Explosives.......... 18.6.1, 18.12, 18.13.1.2, Table 18.13.2, A.18.12 
Blast-yield.xs ed. gnae Weta Sed Sogted eta wae 18.17.3, A.18.17.3 
Definition wis. hig ob obi dea bal a La elas 1.3.37 
Phi gh eiss sated th Fb gets yeti Ge alee are 18.6.1, 18.12.2 
Definition 46%. ones ees one eee eee eres 1.3.37.1 
Initial screen assessment... . 2.6... eee 18.13.2 
TOW) ors ese hoe Kok oe Noein eet nerds Means Baa Rees 18.12.1 
Doe fini tories 3... oe5, Ses a Byes Goodie reh ng maensdiey yada ol asian 1.3.37.2 
Exposed surface (definition) .......................0005. 1.3.39 
Extinguish (definition) ............... 0.0.0 e eee eee eee ee 1.3.40 
-F- 
Failure 
PCF TEL OM fase Sica gas aed Bye! seed a die Sinden inlet Reatte eee Moan nse’ Rye 1.3.41 
Negligence, as:elementOfs..c ick cece ame fae he See ens 9.6.1 
QdOrant ies sco sees ta Eat 7.2.4, 7.9.7.1, 18.8.3, A.18.8.4 
Failure analysis....................000000. 2.4.5, Chap. 17, A.17 
DCH ON is ogo IA Sa te hth She ert Sedona ete eee Meee 1.3.42 
Mathematical modeling .............. 17.4, A.17.4.6 to A.17.4.7 


INDEX 921-215 
Systems analysis.................. 0c cee e eee ees 17.3, A.17.3.1 Fire fighting, effect of ................ 0000. c eee eee eee 36 
ERR THES xe is Ug 0S ed fe S es adie He AE we Dele Led 172 Fire head (wildland fire) ..............0 0.00.0 c eee eee eee 23.3.3 
Failure mode and effects analysis (FMEA) ...............-. 17.3.2 Fire heel (wildland fire)...................-..-0.0-. 23.3.4, 23.5 
Fall down... 0.0.06... eee eee ee ees. See Drop down Fire investigations 
Fault currents .............-.008- 6.3.4, 6.7, 6.9.5, 6.10.5, A.6.10.5 AUthOMly 16 CONGUCES ceed Pann Hays ea COs vers 9.2.1 
High-resistance faults ........... 0.0.00 cee eee 6.9.6, 22.4.2.1 Basi@method aie% 4 dass hha seks s ees de Sree te Das 2.4 
Fault tees'555. 3.5 Pint sus Bas ened Riek aos aS tn 17.3.1, A.17.3.1 Cond Wt gS o5 goes ei Gis sane et es Gah wi ea Waals ashlee See 2.4.3 
Federal agencies ........ 6.6.6... even eee ee eee 11.5.4, 15.2.1 Defi HOR ehty coi tein OPN eae ob elaie valie te 1.3.49 
Federal rules of evidence... ........ 0.6.00. ec cee 9.3.1 Fuel gas systems... 00.06 cece cece ence e ees 7.9, A.7.9 
Felouies og ae pe hod ted PRET gia MEE aa tay Ep eae 9.4.1.1 PUIG OTS 73 oss testo ose stats, a Pepi eeeia ede pees dik fe Ges tec cdaersssincs teees S/S 12.3 
shaped See arava ; Sas ia oe Visas n seni e shea eee Le Ma] OR ys nuk bps tthe ak pe Phas fo pd ach gta eet sa Chap. 24, A.24 
Fibers, and static electricity ............... 00.00. c eee eee 6.12.2.6 Meee 21 
Financial institutions. ............. 0.0.0.0. 02 eee ee eee OZONE ARSC ee ah Be SE ar ate Eo OO ely ee pene Ny . 
Financial stress as arson indicator ............... 19.4.3, 19.4.8.2.5 Planning ..............+..+.+.+.. seePlanning the investigation 
Finish rating... 2.0.0.0. 0 ccc cence ees 4.16.1.3 Purpose of . 22.6.6... eee e cee tence eee 12.2.8 
ID Gf IEIOLS es Ae a ate Pace Bd eens Gack ede? Hadohetes Gees 1.3.44 Reporting procedure............... 2.5; see also Documentation 
Fir(Wo0d)...3. sis b5.04 034. ob ae iS eat Table 3.3.1 Resources f0r ene ease Nee Cove SE Wa tas Batak Gad o8 24.10 
Fire Scientific method and.................. 2.2 to 2.4, 16.2.5, 16.6 
DEHNitlON: s15 atkins ene hie tee rch OTF LADS RR canted « 1.3.45 Static electricity ignitions .........0.. 0000 e cece eee eee 6.12.7 
Flash fire FCAT shane ee os chet nd oict ME bs celine age chy atc ttame Carre tyres oe see Teams 
Definition «0.0.6... o eee eee cence eee 1.3.45.1 Time period ............00. 0.0000 cece ee 9.2.3.2, 12.2.4, 12.2.6 
Fire pattern... 00. eee eee eee teeter ees 4.19.2 Fire investigations organizations.................... 11.6.4, 11.6.6 
Ventilation-controlled fire ..................3.1.1.2, 3.5.3.2, 3.6 Fire marshals .......... cc cccccccccccecceeeeus 11.5.3.10, 24.23 
Definitions ice sie adit eat ate Sede weep eaee tne ee 1.3.45.2 Five: MiG Gels is 3. och re csscitins nya: iodo jo Roald a cael Rhee dade quae a dhans mee tan 15.7.4 
Fire Administration, U.S. .........00.0 0.000 e cee eee eee 11.5.4.14 Datairequired £67 escheat sige eateined eaiainiae bee wad gee oes 17.6 
Fire alarms 6054.05) ied ak ies otic ened eee eee ae bas A see Alarms Mathematical modeling eed hen dee th Mabel g 17.4, A.17.4.6 to A.17.4.7 
Fire analysis (definition)..............-..-+ +202 eee eee 1.3.46 Fire patterns............... Chap. 4, 14.3.1, 15.2, A.4; see also Char 
Fire barriers... 0cs.seihatl veld aedeettonn att deca see Barriers Appliances? sisi) deseth 4s eave nocd adage ca bananas 21.3.2, 21.4.1 
Fire bombs) = 5.62 04500 e Royse Bai ae bak oe eA ees 19.2.7.1 Rete, 2. lO in tat 2 FA a oe oy a ae Tae Me 4.19 
Bee en Renin ani aen aiena Paget ee ae sete: he reat ie Rumania se beste nis ve eh otisa bau vast 4.3.4, 4.17.6 
Fare Dray: so. siese seis dio kke Grae Sand serail osbrd Stace esate rw ayer ane Sreelae PSN Table 4.8 uN 
Fite Cause: ss. cisice seis be aie bree ae Eee he ele bee eae SCC EGAUse Bun Cie CORTES Feb cry nit ma ess Stoo 
Fire characteristics, effect on human behavior of ... . 8.3.4, A.8.3.4.4 Calcination. .. 0... ieee eet etter ees 4.12, A.4.12.1 
Fire deaths and injuries.......................... see Casualties Circular shaped . 1.0... 0-0 esse eter eee eee 4.17.7 to 4.17.8 
Fire departments, municipal .......................005. 11.5.1.9 Clean: buries sanded felada vee ad vlad ie eh pda See gels 4.11 
Unavailable, as arson indicator ..............0 0000s 19.4.7.3 Collapsed furniture springs...................000, 4.14, A.4.14 
Fire development ............ 3.5, 17.6.2, A.3.5; see also Fire spread Commercial fuel gas... 0.0.0... eee eee 4.17.9 
ATSON i ct A oo hate agns ale tend aie ae ae ee 19.2.4, 19.2.8, A.19.2.4 Debris removal, importance of..................0000005 15.7.2 
Building systems, effect of ......................... 5.1 to 5.2 Deh Oye et) Op enstec ie ot oiticni lc dein) cu teodr iste gies 43 
Ceilings, effect of ..............0...000..06.....3.5.3, 3.5.4.2 Die-out pattern. ...... 06.0 ccc ccc cece ene eens 93.4.4. 
Compartment fires........................... 3.5.3.2, 3.5.4.3 Dynamics 0f 2.00.0... 06 cence ene ee ent etenees 4.2,4.4.2.2.1 
Confined fires... 02.0... eee e eee eee eee eee B58 Fall down (drop down) .. 1.2.0.6... 000 cece cece eee 4.16.4.2 
Enclosures, effect of... 66. +... eee c eee teeter eee 34 Full room involvement, patterns generated by............. 4.2.4 
Flame height in. 01... 66s eee eee eee eee eee 3.5.5, A355 GEOMIE UIs cten Res ateresieg Sane ignt s Gunle eeten Reger eee 4.17, A.4.17, B.5 
Flashover..................000......3,5.3.2, 3.5.4.1, A.3.5.4.1 On glass... 0. cece ee ee cence nese es see Glass 
Plumes. 0... sees eee eee ete eee eee eee eee 3.5L Horizontal surfaces 
Unconfined fires... 00.1... eee eee eee eee eee 3.5.2 BOttomistOl: Ai eet sist tha ears heeded Sa wares Cer 8 4.17.71 
Ventilation opening .......................... 3.5.4.1, 15.5.5 PEWStEAT OS OR a eee etn IRR oh ote St hea, Pans 433 
Fire doors, sabotage to... 6... . 501s se ens ere er cere e renee 19.3.5.1 Hot gas layer-generated patterns...............0.0 00000. 4.2.3 
sass duration eidcebin bu SESE ENG EANEAN KAR 4a eee Deis Hourglass: 6 wick otic ime sede de! see Hourglass fire patterns 
Fire dynamics ................ 17.4.7, A.17.4.7; see also Fire science 
Bibliography tite Sibcnt tela db cote A beh thee BPs ctl, Els Mgt uth bok Ops B.1 On Hunan body Siete eae, Piet eA ke ce tig ae SOE Se ts ies 20.3.6 
Delinitions 35 obo Geks sented ean nuke oustthane kids ue 1.3.48 BAREDSH EY ACA) cc peionra Bane Ge oak aetna hash in ant ohne Ee $42 
Fire patterns... 0.0. 0c cece ce ceee cece ee eeenes 4.2, 4.2.2.1 PNEU SE COM Cr oss Sens rmnok ie TD AeToD Ram RNC) atte 
Heat transfer analysis .......0cc.scssevseuevevsevevses 17.41 Avtegillar Uso Pas hctanre Suceteaw eat Saaee SaaS 4.17.7.2, 4.17.8, 19.2.7.3 
Thermodynamic chemical equilibrium analysis........... 17.4.4 TEAL ap at AA anes Malena pope ae Sean erie B18 
Fire engineering technicians. ...............0..000ee000: 12.5.5.3 Lines or areas of demarcation .......... 0.0.0.0 00 0c eee ee 4.3.1 
Fire engineering technologists day eee dieting ti Alcs eat 2) eee daca ea he 12.5.5.2 LGCAatlOns OF 5. %004455 aa tia hee Race Sela Baas eels bans Quack 4 16, B.3 
Fire fighters Dee OP Material 2p .:¢.y5. zt eisd's RWG ROM RA ORNS RO ead ses 4.3.4 
Contamination of evidence by........... 500.0000 e eee 14.4.3 POW. DUET ahi a8. pi NS eal BAG As tami a lased peat gene eiaca Mas eeesto 4.16.4.1 
Preservation of fire scene by ............ 06. 0c eee eee 14.3.4 Material distoruonit.cs te. Mack als Wack cle ie Rs Sade 4.20 
Wildland fires, observation of origin of ...... 23.5.1.2 to 23.5.1.3 Melting of materials... 0.0.6... 6. eee ee 4.8 
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Motor vehicle fires: is sc.c sso onal ae tena das haat a 22.8 
Movement 2 sid sedan tede, Sood, Sea, OPES, Saeed mae, wi Secacesadend, 4.4.1 
Object placementand .............6 0.0.0 e eee eee 4.15, 4.18.2 
ORAM ON sete CP e swine cate ow aA hd pat wae Bad 4.7 
PHOtO Tap hin 8s iiccscsusesbosauire lon Daten aun een heesau Danses 15.2.2 
Plume generated 05 (oa. sa.c5.s-4 ed sak ahd Sack aed wipe, SAME IIE 4.2.1 
POIMMMED 6.0) xjnc ena nye URa nah Bina @alndedie cand see Arrow patterns 
DIZOL ete hick Gute Mee ced Milage di tea el Must auc hae del Salt. oe B.3 
Smoke and sOOb x. i.a.44.408:8 ne Ase Sid Ad dae Aape ahd Apes Aa Aves 4.10 
Spalllinge p20 cs eccee aoe GAS ya. GAS SERA eS 4.6, A.4.6.1 
Surface €ftech: a622.5.9- 52 Sua ety Se ete a ee ets GRE eS 4.3.2 
Thermal expansion and deformation of materials ........... 4.9 
Truncated cone...............0005 4.2.2.1, 4.9, 4.17.5, A.4.2.2.1 
Types Of aieetie ici ieee IR Le Rhos ehgechel we, aruba eager a ee se8 4.4 
“U” shaped ...................... See “U”-shaped fire patterns 
"VW Shaped: ascctcm atacand see “V-shaped fire patterns 
Ventilation-generated................ 0005. 4.2.2, A.4.2.2.1, B.3 
MACH AINIUTIES sche eas Pee Re Nee bie eas ae at te 4.3.5 
Wildland fires ................0 00000. 23.4.1, 23.4.4.3, 23.4.6.3 
Fire point. 3.35.4. Soe ia, F 6 Reseach anadeen sae o 14.10.2.7, 14.10.2.9 
Fire propagation. ............................. see Fire spread 
Fire protection devices/systems .......... 5.2.2, 15.4, 15.6.1, 24.19 
DADOLAGE OF oes sire ee seis Mela eit, de on cone ea oo hd Nh ayelaaecao es 19.3.5 
Fire protection engineers............. 0.0.0.0 e eee eee eee 12.5.5.1 
Firé Scene (4.6.3.3. 2 casted Oe whe ww ed see also Explosion scene 
Applianceresiccs id wee eee tha eas, Eis be ae 21.2 
GommMuni cations ate owcdcey sa eye Peas He A eA 24.17 
Examination ............... 24.24; see also Origin determination 
Motor vehicle fires:..64 4063 du Cais Sine aa Sala te ae wwe BS 22.7.4 
Preliminary assessment ........... 00000000 eee eee 15.3, 24.11 
PresérvatloniOf e.6 iced Rae OR RS 13.2.1, 14.3, A.14.3 
Reconstruction..................s¢e Fire scene reconstruction 
RECOPAING 3) 0ih3 sane aks desi Seiv ses ale ew ecanses asia see Recording the scene 
Dale tye ce. sinus, vnedis, Ming gouues, ee gece, thee, Hho see Safety, fire scene 
Sanitary and comfort needs at... ...... 06... c eee eee 24.16 
Search! patterns v2j.0ee Manion ena wlaMon ie teyadih cea ale 24.21 
Security ............00. 12.2.7, 14.3, 23.5.2.1, 23.6, 24.15, A.14.3 
Site-alterations #5550) b8.54 ae Hate we SNR Bae BAK ot ws 15.3.4 
Size and complexity of ...... 06.0... e cece eee 12.2.4 
Tém porary Tenn gs. oi. s:0 aie. ba Sd ond aod Rev ba sald te toed Ot a 24.13 
Total Durning bok Neh es SoM ee AS eas tee ee Le 15.9 
Wildland fire. ceca cis See eee Maa PR 3 23.5.2.1, 23.6 
Fire scene reconstruction. ............ 06.0 c eee eee eee 11.7 
APSOMS. 2205 hihi Sandon Sie Mele Ge ae La eas 19.2.1 
DG OM rede e ccatncausela ates cina Dauend ayant Retaibatae gcse 1.3.51 
Fire: SCien C625 eco hs eles d feats 418 8 el tard Siac Say eee Ree Chap. 3, A.3 
BibliG@ raphy. 56 4s case Bearer, 9 2 osrete a Yate S vee ee ae terar ae ON B.2 
Chemistry of combustion. ...........6 00000 c ee eee eee ee BL 
Combustion products. ...... 0.6.06. c eee ee ee 36 
Deiinition's< 3.3 Moles gh ees eda he eh ad 1.3.52 
EXperiS? 3.5: 2.04 35 25:4 aust Sho. Haid aan ahd Sheba olan abe 12.5.5 
Fire development ss0sy003. ed es Se Sans as Wed ees OD 
Biel load 3.5. tees Se Cae aa we Oe ae eae OA 
Fléat transfers. 2.04 Soli h seo te eee beau bby hs sede Oe 
Fire Suter er soo oo soe i ase. oh ORs. cea eee. Gh Sole gots asa ote 19.3.5.1 
Fire spread......... 15.2.3, 15.4, A.15.2.3; see also Fire development 
Building materials, effect of...................2.......5.2.3.7 
Building systems, effect of ..........0 006. cece eee ee 
Conduction as mechanism of ..............0 000-00 002-. 3.2.1 
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Construction types, effect of..................... 5.3.1 to 5.3.2 
Defi hong ins, erected pent, Lapua aaenetays sere teenie tad 1.3.53 
LD Shey teh Lo) 0 0 ae ana OE 4.11 
Fulelieas and o sit statue van shag tht tits Heth ahd 7.1.2 
Human factors related to... 66... 6. eee 8.7 
Motorvehicle-firési.i se cies so 8G fakes One Rte a leeatinn 22.7.4 
SCONATIOS a 25 Ss Se ee SS ens Pinay ees Seutee ats sean Made toss ae acs 15.8 
Smoke patterns to determine...... 3.6, 4.10; see also Fire patterns 
Wildland fires e388 Salt a Se a Dl hed 23.3, 23.5.2.3 
Firé Stops. 62 sii s 8 ah Pha a he ee Sa eke eee DO 
PIre SCOPING eo fss gslbcts Lda beset AR fect daacdctle eth Sader lt 23.3.9.2 
Fire suppression ..............0 0.0000. c eee eed see Suppression 
Fire testing) 25. 3.4 2 teakid Riana Pes ee ag uk s 2 8iede ated see Testing 
Fire tetrahedron 004.0 aise fe tag ia Bee ee nea ae tere ON, 
Fire walls, vehicle... ......0.0.000 0... cece eee 22.6 
Fireballs: : 35 t.o6a00 tis Be o Rieter Sees cis ta ee See 18.4.3, 18.17.5 
Firebrands .... 0.0... cece cc eens 15.6.3, 18.4.3, 23.3.9.1 
Bare places 53-55 3625566 ot, age os ote este ys Rae GANS Caer Sena GANS te 19.3.2 
Fire-resistive assemblies .............. 0.0000 e eee eee 19.3.5.1 
Fire-resistive membranes................0 00000 e eee eee ee OB 
Firesetters 02 2.06.08 x0 bad a Pate pad tans badada dads see Arson 
Fireworks 2 sole tetas 8 ost Saeed SOE See ets 23.7.2.10 
Firing Out 24.6.3 oe 3 ai 2a BLL ed OS OR EL cero 23.3.8.3 
First item ignited ...................... see Material first ignited 
Fishiineall) :i-j:.ci0t ics e105 tien fdks sie sald oats Bie Ree as Table 3.3.5 
Flame front 
Definitions 2.02325 dai is MOM ie Bed tenis 1.3.55 
Translational velocity... 2.2.0.6... ccc eee 18.8.2.1 
Flame speeds ............... 0.0.0 eee eee 18.8.2.1, A.18.8.2.1 
Plameo ver? cis 0os 66S eh Oa Saad Sl ed ee oe OLD, DDD 
Definitions! .c:-ca ties ce tie Cea te hehe Ra aha Pen 1.3.56 
Flames 
Clean burn produced by.... 0.2... 6.6 cece cece 4.11 
DICH ON esse trey ee alae Sy ia tee Sete eee der eaten 1.3.54 
Heat shadowing and .... 1.2.06... cece ee 4.15.1 
FLCIQHUC-OF coi ed ss Ch Path tee OA aia Ede tet ny Seb tbs A355) 
Human behavior, effect on.......... 6.0.0 c eee eee 8.3.4.1 
Penetrations caused by ......... 00 c ccc eceeeee ee 4.3.3 
Premixed (definition)... ..........0 6.0 c eee eee 1.3.54.1 
Temperature:2: 35.i0i este eid es ORE es PI ES ee 4.8.1 
Flaming brands................................ see Firebrands 
Flaming combustion .......................3.1.1.2, 3.1.1.4, 3.3.6 
Flammability, of building materials ...................... 5.2.3.2 
Flammable (definition) .................. 0000s 1.3.57 
Flammable (explosive) range ........................... 3.1.1.2 
Definitloniierns eae aise eae OSS taut Cates Side 8 1.3.59 
Flammable limits ............................. 3.1.1.2, A.3.1.1.2 
Ge mical ssc snsig ag negoe the ose tie cae neo eaiee ekecaays Snaeoe 14.10.2.22 
DENI HOM 6% i8 ha sete Ra Ninh a ES a i oN cags 1.3.58 
Flammable liquids ............................... see Liquids 
Paves sss 5) slacs heh tals elon She aloe ie he Baad OIE Rone sk ieee 7.1.2 
Flash: fire 36.273.0 30-38-55 dS Sind 6 one es Saas ee be aid see Fire 
Flash point of aliquid ............................ see Liquids 
Flashover .................. 3.2.2, 3.5.3.2, Fig. 3.5.3.2(d), 3.5.4.1, 
4.16.1.4, 4.17.7.2, A.3.5.4.1 
Appliance damage and ...... 1... eee 21.3.3 
Ceiling layer temperature and........................ 3.5.4.2 
Definitions 54 ee hick Ae othe eS ah el cde ates ala Madea 1.3.60 
Fire location and... . 2... eee 3.5.4.3, 4.2.2.1 
Firé-pattermisix: sone eae eas 4.16.1.4, 4.17.7.2, 4.19.1 
Heat réléase rate and os es ties 8 ee Pade a di eA 3.4, 3.5.4.1 
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Room design and time to...................+... 5.2.2, 5.2.2.2 Fuellines; velhicle i. jo i3 65. een ie aie ohn Nah dba Wadd dle dake 22.5.4.1 
Smoke production rates....... 0... 3.6 Fuelloads........................3.4, 5.2.1, 5.2.2.2, 5.2.4, 15.6.1 
Floor assemblies .. . oc coco vcccccccccccccccccccccceec.. BAI As arson indicator ...... 0.6.0.0 c ce eee eee eee 19.2.3, 19.2.5 
Floor coverings ..... 4.16.1.4, 4.17.7.2, 4.18.2, 14.10.2.16, 14.10.2.20 Definition sos. ci ie eke ee abe ee eee ned et ee 1.3.64 
Floor plans... 2... 6... ees 15.9, 24.19 Piel Ont g05. 54 AAV MOE GAR RSME POR ae MR MIw Ee’ HIE Este RD 
FIO O8S 522.555 ORS 4 POLS Gok ORME ES ONE ORY 17.6.1 to 17.6.2 Fuel source, explosion................. 18.13.2.5, 18.13.2.7, 18.15 
Gracks/s@ams: in: 3. + .c-s20-406-6 bau ae et ee ha 88k 4.16.1.4 BEC) 11) -< eee ee eo 22.8.1 
Fire patterns on.......... 4.10, 4.16.1, 4.17.7.2, 4.18.2, A.4.16.1.4 Fuel turbulence ....... 6.6.6... eee eee eee 18.8.2.3 
Holesihiesiead.cuigdnciieas 4.2.2, 4.2.4, 4.3.3, 4.16.1.4, 15.7.1 Fuel-air mixtures... 6.5... 66sec esses eee 18.8.1 to 18.8.2 
MAN UPACTUEA HOMES ones coe cian teine eke boatelte ed eecative. on Bi GEL Fuel-air ratio ....................... 3.1.1.2, 18.8.2.1, A.18.8.2.1 
Fuel-controlled fire .......................2002. 31.1.2, 3.5.3.2 
ph bar ora cee acgance ear caedamnre SORE Definition: s's.¢ 0s yay oes et 2 ae Ge Wed Lacan cate Se 1.3.65 
Foam rubber... 1.0.0... ce eee een nes Table 3.3.5 os : 
Foams, extinguishing .........0...00.00 00000 e eee e eee ees 23.3.8.4 Fugitive eee ae 18164797 7.LLAL, 7.9.5.2 to 7.9.5.4, 7.9.7, 
FOPCe VECUONS Set eRe ST Rey eneaee Seber te eee POTEET Full room involvement. ..... . 3.5.3.2, 4.2.4, 4.16.14, 4.17.7.2, 4.19.1 
Horced CnUY hao var iurracind sas ond set ore trs oy )e 19 195.5-180 Furniture........0..0...0.00000. Table 3.4, 4.3.3, 4.16.1.4, 4.16.3, 
Forensic (definition).............. 0.00.00. 02 eee eee eee 1.3.61 14.10.2.14 to 14.10.2.15, 20.7.1.2 
Forensic physical evidence ........ 6-6-6... eee cece ees 14.5.2 Furniture springs, collapsed .....................00-. 4.14, A.4.14 
Freedom of Information Act ...........0...0..0000 0 eee eeee 11.2.1 Biss it ho a ae te at a oe ta Fa 6.4, 6.6, 21.5.2.4, 21.5.3.2.1 
Frictional heating ......... 0.6.00 eee eee 22.3.3 Fusible plugs... 20.0... 006s 7A25 
Fuel(s) 
Combustion of .... 6.0.0 .ee cece eee e cece cette eens es BLA -G- 
Defittitioniny 26:00 4) bdect ge hanaeid ceceeiens dave asa ete. 1.3.62 Garages, appliance installation in................ 7.7.1.3, A.7.7.1.3 
GaSOOUS oo. ee eee esd nwe eens tae bee aoe 9 800 Fuel gases Gas chromatography (GC) .............. 4.17.7.2, 14.10.2.1, 18.15 
High surface-to-mass ratio ©... 6. eee 16.4 Gas dete clon SUrveySiat xr Ans See se al et padh< ieeotes 79.5.2 
EGG, race terecsinna teens 18.15, 22.3.1 to 22.3.2, A.29.3.1 Gas odorant ............. 7.2.4, 7.9.7.1, 18.8.3, 18.15, A.18.8.4, B.6 
Cisse TGMinGie ia odes een daniaeeners ion te fou aed Gases..... perenne ees Peters eee ese ed see also Gas-vapor explosions 
; Combustion properties of common flammable gases. . . Table 18.8 
Properties Of... 6.66. cece ee eee eee eee Table 22.3.1 Convection .....cccccecccccccccccuccevenvveteenecees 3.2.9 
Properties: of 3s 355 eae Sie ao as, Tables 22.3.1 to 22.3.3 DEAAIGOA cook ees kOe we ne tee eh 13.66 
SOUT i reek eae OREN IR ORS ser yer aap IS 29 Soe Aa Drilling activity, as wildland fire ignition source ......... 23.7.3.2 
NAIR Cot ee TReaten ahs Na atin Se See tReet hte nome EXPlOSiVvaty. 20s a sie bn. gt eighet bh ah saprtoki wel eacbed creed nee 14.10.2.25 
DCHNTHON Hts eg ns Peck Sek a sesh e a eabea) Ai nad ele: RG, -b ede 1.3.62.1 Buel ace dtaia ntecaen ray cdhanesttion gyal Da tadites «ae dee Poel wanes 
TYPE an Cheon Ag uratOnOF Gxcsn itn rap athena RAy WOE ASS Hot gas layer-generated smoke patterns.................. 4.2.3 
In vehicle fires........... 22.3, 22.5.1, 22.8.1, A.22.3.1, A.22.5.1.2 Ignitable, at fire scene......0.... 000 cece eevee eeeee ees 10.2.7 
MPNCIAL EES teen gaa ceed ee eee es BO 20S eo L OT Ignition of ..............00...ee0.+++ 3.3.3, Table 3.3.4, 16.3 
Hulel SACS is» CUS eR CLO Rees PI ae ese Ise TAL uN so02 Inhalation of hot/toxic gases by fire victims .. . 20.5.2.2, 20.7.3.1.1 
PDPMANCRS 2 bes Rie Sey Gee SALON R sl Ana ae Partially asa ileal adce we soumourecaeamennenalel nad 16.4 
Building systems Fe Oe be ee Ne ae OE ages Chap. 7, A7 Irritant te helps abt Mood ie ca ct a hehe te Oe ea anh ott ni BA nie iON AS ol ge 20.7.3.1.2 
BUrmers’3.$25. 04.5 ceed ook seen bet wel eds cae d 7.5.4, 7.9.3.3 Peel tise h hh chalets ett ch tightens eae pe Leake sees 
Combustion: Of % ose ccrca ie Rien Leaewineeurs nee eosgg Sols Tpit Back ot eek Nd wok eda wd me Be, see LP-Gas 
Commercial, fire patterns of ............ 0.0.00. .0 eee 4.17.9 NAAN PAE TAFE coh check nctinsts oe fe nig es Ponin take tent ee 79.33 
PORIPOREE ESCM DOR SEM NAG res wimeune ry Enea nes ne Measurement of gases present in fires............... 14.10.2.23 
Ce nC cas DESO Cee ee Roe iign puNon eats) pie ETE aA ae Ne RC Ret NE 20.7.3.1.1 
DEAD ISOM Rte inpniccrengiert teihce nian meinem © 82 Natal oie toeipe ss deecte elertipe Wiadid beng slocnge x loots 2 Serene ese Natural gas 
Dep -OF Chay Paras wily sinh irene yoni aap hata ncrats aod Properties of flammable gas ...........00 0.0 e eee eee eee 18.8 
Explosions. ...........000.0 000000 ee 18.6.3, 18.7.1, 18.8, 18.14 Snplemur Seacmrastiwernabenoow en chrnoheds dnicneddsoniys 145.4 
Investigations, impact ON... 6.6.6... eee eee eee 711 SEA CIIECRAG- AC CUIMULATI ONS OM cleo eu e) occ ey. ag 6.12.2.5 
Secondary: explosions. ..........0 0.0.00 eee ee 18.13.1.4 DR EES eRe eU AL eR Ee 24.19 
NUE es eh icare et ean ae eras aero Ee EEN EASES Venting Of 0.0000 cece cece eeeeeeeeeeeee esses. See Venting 
As ignition sources ......... 0.00000 e eee ee eee 7.1.1.1 to 7.1.1.3 Gasification process. .....0..0..0.cececcescecenseneenenees BB 
Investigations of fires/explosions, impact on.............. 7.1.1 Gasoline... Table 3.3, Table 3.3.4, Table 3.4, 4.8.1, 22.1, 22.5.1.1, 22.5.4 
Investigations of fuel gas systems...............--.-- 7.9, A.7.9 FANGHE? Cox oC (ea 10 ae a 19.2.2 
Jets eee eee eee 4.18.3, 18.17.5 Gas/vapor explosions ................. 4.19.2, 18.2.4, 18.6.3, 18.8 
Weaks.yesus-o2 tages aeats 7.1.1.1, 7.9.3, 7.9.5, 7.9.7, A.7.9.3.8, A.7.9.7 Blast Vieldicst ii hi Acccoe taney she ech neg, Saeed 18.17.3, A.18.17.3 
(dorizanon Ofe. .3 6 sa ewe Sa GS sak eek 7.2.4, 18.8.3, A.18.8.4 Interpretation of damage ..................06. 18.8.2, A.18.8.2 
Piping and valves.......... 7.3, 7.5.2 to 7.5.3, 7.6, 7.9.3.1, A.7.3.1 Minimum ignition energy......... 18.8.1, Table 18.13.2, A.18.8.1 
PO CKCUIN GS eis S Fe ase sah ens ieee paella ime eoreDd 18.8.4, Table 18.13.2 Multiple explosions ........... 0.00. c eee eee ee 18.8.4 
TPS Ot csiesd siccnenass Les serine mekeligent niobate 7.2, 7.7.1.2, A.7.2 Odorant verification ............. 7.2.4, 7.9.7.1, 18.8.3, A.18.8.4 
Underground migration of ... 7.9.7, 18.8.3, Table 18.13.2, A.7.9.7 POCK CHING Yass whDueed 3 ths tos aurea ba Ge Ea ISS 18.8.4, Table 18.13.2 
Invehiclé fires3.2.3.s tec: $4.2 ceed eck ial eh ee 22.3.2, 22.5.1.4 Underground migration of fuel gases ....... 18.8.3, Table 18.13.2 
Fuel injection systems....................5.. 22.5.1.2, A.22.5.1.2 VENUNG: 2 alse 2.252 ha gaia See ele d ote Pe ee ae 18.8.2.6 
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Gauging devices, propane ...................... 7.4.2.3 to 7.4.2.4 
Geographic clustering ............... 0.6 ccc cece ees 19.4.1.1 
CSS ss oe BO OPI ch NERS Le EO RN BEAR EEO R EERGM HERDS 4.8.1 
Appliance: housings: 4... ed ee te at oes 8 AS 21.5.1.6 
Breaking: Of Pice Sais Stave ea oy 4.13.1, 15.5.3, 18.3.1, A.4.13.1 
Melting and softening ...... 0.0.0... cece eee ee 4.8 
PAtter ys O10 3 5.4 Son 4 ob ie CASK ORES REA OER A OE OAR 4.13 
Slain ge OFs 35.3 sets bo ERS Lees BN Ee ie bees, ae go 4.13.3 
Tempered) aisccnss Gerad is eA ans ees 4.13.2, A.4.13.2 
‘Thermal conductivities OF 5.0-060654-0¢004 0-058 cade wad ood 
Window.............005 4.13, 15.5.3, 18.3.1, 18.13.3.2, 18.13.3.4 
Glass jars, for evidence .............. 0.0. c ccc eees 14.6.1.2 
Globules .................... 6.10.3, 6.10.6.2 to 6.10.6.3, A.6.10.3 
Glowing combustion........................... 3.3, 4.2.2, A.3.3 
Definitions 4-35. aceddi dba deed eb deeedeedciny he etuntabtis dts baie 88 1.3.67 
Gl ois 58 e608 tcc cacao he PARE Clevo E iG Wan PATIL AN Table 4.8 
Government agencies.....................00. 11.2.1, 11.5, 22.7.3 
GIGIN Sita ead Sua eee ods Fur Gig Cae oay Table 3.3.4, Table 3.3.5 
Grass (wildland fuel) ............. 23.2.2.4, 23.3.5, 23.4.3, 23.4.4.2 
Ground fault circuit interrupters. .....................05. 6.6.2.3 
Ground faults ...... 6.3.4, 6.6, 6.9.4.3, 6.9.5, 6.10.2, 6.11.8, A.6.10.2 
DEHAMOR a5. 9.4443 bo sees hoa ge ad boas sa eb es 1.3.68 
Ground fuels. ........0..0..00 000 cece eee 23.2.2, 23.3.5.5 
Grounded conductors .................0.0000: 6.3.2.1, 6.7, 6.9.5 
Floating neutral ogc peu je aieje deter avy wierd alee Salat baa 6.5.1 
Melting Of 55:23 uc cinee canis vb4 eee le aee eae 6.10.2, 6.11.4, A.6.10.2 
Staples driven through...................000. 6.11.8, A.6.11.8 
Grounding, electrical ........................ 6.5, 6.12.5.2, 7.6.7 
Grounding conductors .....................0000 6.3.2.1, 6.5, 6.7 
Guide (definition).................. 000 cece eee 1.3.69, A.1.3.69 
Gypsum plaster/wallboard............... Table 3.2.1, 4.5, 4.7, 4.12 
-H- 
Hair dryers/curlers ..... 0.20.0... cee 21.6.11 
Hardwood oo isch iow cet wha faced wah ea eee oe Table 3.3.4 
ay. Sho dla dt eed 2 i BOR aed hl An ll Table 3.3.5 
Hazardous materials 
PS BVIOCMOE 6 coy ink ae eae ae eS DERE ee Rae AO Rw 14.8.2.2 
At fire scene 2... ccc ce eens 10.2.7, 15.7.2 
Hazards 
Definition’. i4.5o..cci35, (ed ead od bale bik teed bl enh a5 1.3.70 
Explosion:sCene: s§.2%i4 ssc 284 Se naw barrage chee goad a 18.13.1.2 
Fire scene ............. 10.1.3, 10.2, 12.2.5, 23.9.1, 24.12, A.10.1 
Health, personal................. 10.1.4, 10.2.7; see also Casualties 
Health and Human Services Department, U.S. ............ 11.5.4.4 
Health departments, municipal......................... 11.5.1.6 
FECA fo 600 8 eee Fae eR IER RARE BRERA RTA FER Gs ROSS ek LVS 
Gla PAM ys sess bac odauty 8 alt ade, Bakes ddsesiad hata sect eta Gade. ged ged oO LS 
Of combustion ................0.+. 5.2.3.2, 5.2.4, 14.10.2.12 
CONCUCIER 4. acetal hed wi ee see Conduction 
Definition, 4.¢.2.0184.85: Cha Oe Os OT 1.3.71, A.1.3.71 
INIS(GTOGN a4 jc 4 det das eS 4ante de gus db ci Gsu bans 4.20 
Fire patterns 4.3.5 4.6 ta. b8 dice disk aie tad dane Adele aans ana ee 4.4.2 
Flux................ 3.3, 3.5.3.2, 4.16.1.4, 14.10.2.20, A.4.16.1.4 
Definition zs eset ee Ge Seth Vase he ed wad wie Sah 1.3.72 
QPAGNION: asec atiecsneieate ene ipe Peek AN Re RNS OR aS 16.3 
DefMINON |. acs f eosead a dboand ssid abet hand See 1.3.73, A.1.3.73 
PRACT 5 eee Bede alee Re oe Ee eR see Radiant heat 
Radi ate de cc sesk Ssnswegwsswileras ohh rertbuaiie, Wlacsehine ese, riggs beat oe 4.11, 4.15.1 
SHA OWING sieereashiccsitte the. aiee seetirald. nau eho kee intel eRe en doe tended 4.15.1 
BOUNCE (ns ENS Ca ee ei ee ha ac a Be 15.2.3, A.15.2.3 
Transfer (thermal conductivity) .........3.2 to 3.3, 5.2.3.4, A.3.3 
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Heat detectors ...............5 see Detectors and detection systems 
Heat generation, rate of .............. 0.000 e eee eee 33.5 
Heat release rate (HRR)............. 3.4, 3.5, 3.5.3.2, 4.2.2, 17.6.2 
AS ATSONANCICALOL 3 s0iis wrgracssaunier ane atiterdrdetes: qsdenae sot Neteaualela.s 19.2.3 
Building materials... 2.6.6... ec eee eee es 523.2 
Defi nit ony eee ee i Ie ES erase eee 1.3.74, A.1.3.74 
Flamesheight. and. 2 s..¢ ny Sine oR an ee eae cake f BD 
Hot Hashiwver oh eke oe Be OA BOL 
Occupancy type, effect of... 0.00.0... eee B24 
Plume-generated pattern and... 1.6.6... 0... c cece eee 4.2.1 
Spallin gan. ey scinl et seule Poteet ante wat eile date stl 4.6 
POSE sess. Soe ePacc na thet Re ate Peetu a. atteradencatalohs 14.10.2.24, 14.10.2.26 
Heat resistance, of building materials .................... 5.2.3.6 
Heaters 
As ignition SOUICES. 6... ee eee 16.3 
PACS cei sysrsea tras, agers mide trl ease tea tan honed eiga DD Mea tetan etna 21.6.8 
NAP OVIZETS aise Baeviocges Gare git oor Paar ded Stesetelg aus, Seeee te timealaliy cee 7.4.4 
Heating 
Frictional sis esse aie cacao ee ase Sean on aed eae tease eae ase 22.3.3 
SelPheatiin ges. iia. cots he aleap! 4. tube shop sen decnnnsei tok ote e ig an oeh hoes DD 
Spontaneous..................-20565 see Spontaneous heating 
Heating, ventilating, and air-conditioning 
(HVAC) systems ................... 3.5.3.2, 15.4, 24.19 
Heating appliances, fuel gas.....................0004. 7.8,A.7.8 
Heating elements’: 2.23005 6.5.8 cee i RO ed EN ees evs 3 21.5.7 
Heat-producing devices. ...............00 000 eee 6.2.9, 6.9.2.2 
ANS IGMIMON SOURCE $229... ie ales, sities usd Luk canengy de due, dudes Sek vey able, debe 16.3 
Initial fuel location and... 1... 1. eee eee 16.4 
Heavy equipment fires ............ 0.0.0 c cece eee ee 22.13 
Heavy timber construction ............................. 5.3.1.5 
Heme eee soecsesgy gee be go 6 As aoe a oa ane ae Table 3.3.1 
High explosives... 0.5.3:.,ci2 4.008 6G 0 itns she Db ethno eo od see Explosives 
High resistance faults ................ 00. .00.000. 6.9.6, 22.4.2.1 
High temperature accelerants (HTA).............. 19.2.4, A.19.2.4 
High-density materials.......................... 3.2.1, 3.3.1, 3.4 
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Retaliation by group, fire setas ................ 19.4.8.2.3(d) 
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Human injuries and deaths....................... see Casualties Temperatures of selected ............ 0. 0c ce eee eee Table 3.3 
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Ignitable Materials: 5 i. ii ac6b cid ons 06d ad ad wiv bd 1D QO, 15.61 Information, release of .......0.0.0.0.0.0.0. 000 eee 24.23 
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OF BASES. eevee eee seen eee ee essen neers res ers 333, 16.3 In CEL VIEWS 3s asteetitehi ees he Us haa God Meee hee S Grd hehe 11.4 
Heat Of. eevee see ee ener ee reser eter er tener sent neers 16.3 Legal considerations .... 6.6... 6. eee 11.2 
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EVOCESR Is cRA rn Cited ote Fs Snes ks ROC e Na ae ANS caneas ees IrESTE' Ut 9 Dee ea Roe On ane Oe oe OE ee 112 
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OC 16.5 Inhalation injuries ......0..00 0.000. c cece eee eee 20.7.3, 20.8 
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Minimum.......... 7.1.1.2, 18.8.1, 18.9.5, Table 18.13.2, A.18.8.1 Insurance Commissioner’s Office, state ................. 11.5.3.8 
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Insurance industry ............... 00.0.0. 0 00. 9.5, 11.6.10, 15.9 
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Intensity fire patterns... 2.0.0... 6 6 ene 4.4.2 
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Interstitial spaces .. 1.6... eee DQ24 
Interviews .. 0... 06... eens 9.3.3, 11.4, 24.18 
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SafetyOl Gieicy cel at ieee a cae ees ced see Safety, fire scene 
Supervision of photographer by ..................000. 13.2.3.4 
Wnaccompanied '.. ccc Syria eeed es pee Be doe AIRS OSA 10.1.1 
Tron (metal).................... 4.7, Table 4.8, 4.8.2; see also Steel 
Trons;clothes3.¢) 62.5.08408 S395 820098 OLA ORE ee Ae 21.6.12 
Irregular fire patterns .................. 4.17.7.2, 4.17.8, 19.2.7.3 
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DG FAC en ie ange Shen shel Seca onan, eluate ad Shas ele g, ee 1.3.78 
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Joint investigations ........... 0.0.0... cee eee eee ee 24.2 to 24.4 
Joule (definition),.................. 0... 1.3.79 
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Justice Department, U.S. ... 0.0.0.6. eee 11.5.4.11 
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Kilowatt (definition) ............0.0. 0.00 1.3.80 
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Knobs, movement of ............... 000 cece eee eee 14.3.4.2.4 
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Labor Department, U.S...............0. 0.00 11.5.4.7 
Laboratory examination, of evidence.................... 14.10.1 
Lamp filaments, as ignition source ............ 22.4.2.3, A.22.4.2.3 
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18.15, 22.5.1.3, A.7.9.3.8, A.7.9.7 
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SNE Pattern 2g oe Pena al tes WAG es ena ere ke eats 4.17.1 
Wildland fires: 5c \s.06 ses sien ons eae ecto nine ages 23.4.6.3 
Linseed oiled rags .... 0... 6.0 ee BB 
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Splay- paints $44 i oi eh hb ag hak Me a eh oat 6.12.2.4 
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Flammable ......... § see also Accelerants, Liquid; Fuel(s), Liquid 
Definition ys. Kosi e toe aus Koide seas Sans Pte 1.3.81.2 
Inverted cone patterns and ................000000- 4.17.2.1 
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LP-Gas.... 7.2.2, 18.8.2.2, 18.15, A.18.8.2.2, A.18.8.4; see also Propane In vehicle fires ....... 0.0.0... 00 02000005 22.3.3, 22.4.4, A.22.4.4 
Building systems ........ 0.0.0.0 c eee eee eee 7.4, A.7.4 Meters 
Fite patterns: OF is. saseieang ahd eae sea gnats wry eon Date g eae one 4.17.9 TC CUAC sane vaca oiled pe nvallviacpets tla Alcea k nce wl oy ake alae Soreokeoouastelep els Revtgnsaes 6.3.3 
Storage containers ...................00. 7.4.1 to 7.4.3, A.7.4.1 Gas ahh weheg ne aks het Me ete eng VEN EE Gee vay are 7.3.4 
Lubrication systems, vehicle.................000.0000005 29.5.4.1 MeIBANG so Scie ee FPR ROR OP REPRO REED Table 3.3.4, 18.15 
Methanol). icc ine Coe seb oe Deeded Table 3.3, Table 3.3.4 
ae Methodology, fire investigation......................4.. Chap. 2 
Machinery, as wildland fire ignition source................ 23.7.2.7 Methyl acetylene............. 0.00 cece eee eee eee ee Table 18.8 
Maonesitn (soins) olin a ei aobiais Aja geste eid eng alias Table 4.8, 18.9 Methyl ethyl ketone ....................0.000000000, Table 3.3.4 
Major fire investigations, management of........... Chap. 24, A.24 Michigan v. Clifford 0.0... 00. cee ee 9.2.3.3 
Manufactured gases ............ 0... 7.2.3.3 Michigan v. Tyler 0.0... 000 ccc cence ene e eens 9.2.3.2 
Manufactured homes ..................0.0 ee eee ee eee) 5316.1 Microwave Ovens ..........0. 0000 cece eee cee eee 21.6.7 
Manufactured wood structural elements.................. 5.3.1.7 Mill construction ........00 00.0000 cece eee eee ee DBS 
Manufacturers, liability of .....................04. 9.6.3 to 9.6.4 Minimum ignition energy ................. 18.8.1, 18.9.5, A.18.8.1 
Mainire 0s fii iced 25 eels Sete Gol te deat eked CaP acters: Fees Table 3.3.5 Miranda Rule ......... 0.0.0... ce ccc eee e eee e eee 9.3.4 
Maps! iss cisss.3.bo-cuie dy because kL oatp he Pet ite Lede Baers 9.3.2.1.1, 18.13.3 Misdemeanor .................0ccccccccceeeeeeeeuaaee 9.4.1.1 
Marsh gas i. ¢204 60 Ske oa oT ORR AAW RAs OE Ot 18.15 Mists 8.5 sis. fhe et wiht uh ey ere a aceon aot Os Ore 
Masonry-es tos ieee chee ie cht tie eet Ae 4.6, 5.3.4.2 Mobile homes........................5 see Manufactured homes 
MASS TathO iis i kos Cis a 55d diss Paced AEA diel Aad Ae Ree as GOOG IGA Models, as evidence... ............ 00. cee 9.3.2.1.1 
Mass spectrography. ..... 2.0.66... eee 18.15 Models, fires :532.55 140 Bi ca eS ie Ata tee OA eed Ban es oe 15.7.4 
Mass spectrometry (MS)........... 0.0.0.0 cece eee eee 14.10.2.2 Data required £00 0323 fc cs SS we ae bh Se 17.6 
Matches 4534.5 Hace na ha Feat ane Ltt aa eae 19.2.7.1 Mathematical modeling .............. 17.4, A.17.4.6 to A.17.4.7 
Material distortion ............ 6.0... cee cere eee 4.20, 23.4.6.3 Modular homes ......... 0. ccc cccccceccccecccceecces 5.3.1.6.2 
Material first ignited.................. 3.5.3.2, 4.2, 16.4, A.4.2.2.1 Molotov cocktails... . 0... c ccc cece ccecceceuveuveuees 19.2.7.1 
Dehn 65-505 Bhar AeA Ande, as ROR hs BN OG 1.3.82 Motion pictures ..................-. 9.3.2.1.1, 11.3.3, 13.2, 13.2.4 
Materials, testing of ........... 00... eee eee eee 17.6.2 Motor vehicle fires................0 0.00.00 eee Chap. 22, A.22 
Materials engineers. .... 2.2... 0. eee eee 12.5.1 Examination of motor vehicle ...............00 0000 sees 22.8 
Mathematical modeling ................ 17.4, A.17.4.6 to A.17.4.7 Fire scene, recording Of 0.00... ..0 cc cece c eee cence ees 99.7 
DARURESSER aie a ite tie BANaead MSs ee enn ts Table 3.4 Fuels in.......... 00000. 22.3, 29.5.1, 22.8.1, A.22.3.1, A.22.5.1.2 
Maximum Bressure (explosion).................... 18.4.1.4, 18.5 Heavy equipment. ........00...c000eceeeeeeeeeeeeeees 99.13 
MEOSonE MICE UM OF retadiy ha sanead en cortiy ier tek Laehe Ignition sources .........0.00.02ee0 eee 99.4, 4.99.4, 4.99.44 
BRS ICAL SRN EN esd Selo Sir SR arse ee Information sources 22.7.1, 22.7.3 
Mechanical explosions ....................6.05- 18.2.1, A.18.2.1 : Esa ee Sas Ng de TO Nal Gt MY ee ait ere een 
Mechanical gouges, conductor................ 6.10.6.4, A.6.10.6.4 Recreational vehicles................++-- 22.4.2, 22.4.2.4, 22.12 
Mechanical power systems, vehicle ............... 22.5.4 to 22.5.6 Safety concerns . 11.1.1 e eee erect eee tet e eee 22.2 
Mechanical sparks. .................60: Table 3.3, 22.4.4, A.29.4.4 Stolen vehicles ©... 6.66.6 o eee 22.10 
Medical examiners ............... 0.00000 cee eee 11.5.2.5, 20.2.3 Structures; vehicles ins... ....06 eed les doer ee tee ee are bs 22.11 
Meetings, team .... 20.6... eee 12.4, 24.9 System identification and function........ 22,5, 22.8.1, A.22.5.1.2 
Melting of materials .................... 4.3.2, 4.8, 4.17.8, 5.2.3.6 Total biinns's 63 68s Se ets Dede a dleve ta eeive Be 22.9, 22.10.1 
Electrical conductors Motor vehicles, as wildland fire ignition source ........... 23.7.2.7 
ALCINg ;CaUsed bY. 2 sey BSS Ses tats Geshe ee 6.11.1 Motors, appliance .......... 0.0.0. eee cee eee 21.5.6 
Hire; caused by. 22.04 a5 ae hae tat ae eR ee ek eed 6.11.1 Movement fire patterns. .... 00.00... eee 4.4.1 
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Multiple explosions .................5 see Explosion(s), Secondary 
Multiple fires............. 0.00.00... eee 14.3.4, 19.2.1, 19.3.5.2 
Municipal government .............. 6.00.0 e eee eee 11.5.1 
-N- 
Nails and nail plates ..... 20.0... ee eee BQ 
Narrow “V” pattern .. 0.0.00... eee ee 4.2.1, 4.17.1 
National Association of Fire Investigators ................. 11.6.4 
National Certification Board ....................50.0 000. 11.6.4 
National Crime Information Center (NCIC) ............... 22.7.1 
National Fire Incident Reporting System (NFIRS) ........ 11.5.4.14 
National Fire Protection Association (NFPA)............... 11.6.1 
National Highway Traffic Safety Administration ............ 22.7.3 
National Insurance Crime Bureau.....................-.. 22.7.1 
National Oceanic and Atmospheric Administration (NOAA) 11.5.4.15 
Natural fire cause ...........0....00000 0 eae 16.2.2, 16.6.3, 23.7.1 
Natural gas ............ 3.6, 18.8, 18.8.2.2, 18.8.3, 18.15, A.18.8.2.2 
Ap pliatiCes on. ie.ahecsesvehe oo Sieg Pee BINS Rees ode eg OTIS N 7.7.1.2 
Building systems................. 7.2.1, 7.3, 7.5.1, 7.5.4, A.7.3.1 
Burners sive hee EES See eae iit behead 7.5.4, 7.9.3.3 
Fire: patterns.of 15.2%, cats ora uanie Sen Sas 4.17.2.2, 4.17.9 
Ignition properties... 62... 06... e eee eee Table 3.3.4 
AS Vehicle fuel f3..jscccscesiuie ai aie.d ante aes succolatee tia 22.3.2, 22.5.1.4 
Natural resources, state department of................... 11.5.3.7 
Negative pressure phase (explosion) .................... 18.4.1.2 
Negligence 23). :5.).2 8 ivi eyes GRR ates Ch Bas CEE Ee LEE RES 9.6.1 
Neutral conductors................... seeGrounded conductors 
Nichrome conductors...............0000 0c ee eee 6.10.5, A.6.10.5 
Nickel, 0c8.543.2 £8 8G. 88 CLES CAL IS CLARE SS Table 4.8 
Nitrogent< isis} 8e aba Vos Meee oe ai ee hae Hes Bad 13.6 
Noncombustible construction ......................0..... 5.3.4 
Noncombustible material 
DG GNI ON oie sige face sh shane tn eg oe Seka a Sn lan Seat es toes 1.3.83 
Wildland fires: ses co tusia seein ee RRR A 23.4.6 
Noncombustible surfaces. ...... 0.20.0... 0. cece eee 4.3.2 
Gléan, Dun ON 65235558 ys SF OR HOLA PANE Sawa BAL 4.11 
Inverted cone patterns ON... 6... 6.6 eee 4.17.2.1 
Nonflammable (definition) ................... 0000s eee 1.3.84 
Nonseated explosions. ............. 18.7, 18.13.2.3, 18.14, A.18.7.3 
INOtES caer eee tena an san NSE Eales 13.3, 14.5.1, 15.2.1, 18.13.3 
Appliance fires... inv oiee ae td oe oem eat eas 21.2.4 
Motor vehicle fires .. 2.0.0... eee eee eee 22.7.4 
Nuclear explosions... . 2.0.0.0... 060. c eee eee 18.2.6 
Nylon: carpet iis 3. sS.8%405 eidace d aan aed adeledass av ledoss Says 4.17.7.2 
Nylon jackets, insulation ................ 0.000000... e ee 6.7.5.3 
-O- 
Oak Sia disce ake Pata ee Melba kes Table 3.2.1, Table 3.3.1, 4.17.7.2 
Occupancy 
Ghani ge ini ago oe i iia ae Pe IN dea Se oe 
Nature: Of sik teais Se Svea ia ade te ae D2 1b 24, 15.3.3 
Occupant access to fire site... 2.60... eee 24.7 
Occupants, behavior of ......... . see Human behavior, fire-related 
Odorization, gas ......... 0.0.0... S see Gas odorant 
Offsets, conductor .............. 00 ccc eee eee 6.10.5, A.6.10.5 
Ohm (definition) .......... 0... cee 1.3.85 
Ohm’s Law. ...........0. 6000 c eee eee 6.2.9, 6.2.13, 6.2.15 to 6.2.16 
Oil drilling, as wildland fire ignition source............... 23.7.3.2 
Oils, animal and vegetable.................6..0 0000 eee 335 
Open flames). ci oie SLR Fae AAR, BAUS 4.10, 22.4.1 
Openings, ventilation............................3.5.4.1, 15.5.5 
Organic materials ..... 2.2... 00062) BBS 
Organizing investigation....................6.00 00s 12.3, 24.4 
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Origin...........................se¢ also Origin determination 
PTCA OF 5 S:.cPisesn oe nat Naat Sse Gat 4.2, 15.1, 15.8, 16.3, A.4.2.2.1 
MOCOlETAMIS Ais. a)s Sirprsnean Gis Beside Diedeastun Sumter ate! alee ahs 19.2.7.3 
Appliances 113.0%. tice eins Rae Mramgnteiiee 21,2152 13% 
GlEAN: DUR AN 5 onan ats sen hake bas rasa ete nae aust iecausistet ls 4.11 
Definition. 60a viens nies altace aah eect cerca 1.3.86.1 
Wildland: fires: 20s. gobkcte hoon pees Geshe gh ek ketenes 23.5 to 23.6 
PON Of as Sees CAS ed Ra es ah 4.2, 15.1, 16.3, A.4.2.2.1 
Applianices:ati ss. ei tees cals ciel ees coe 21.3.2 to 21.3.3 
Areas of high damage and ...... 6.2.6.0... cee eee eee 4.2.2 
Defining Pee oe ie oe he Si he thee 1.3.86.2 
EXplosioné3.22) 3g ta ent ee Sale ee 3 hee Ba ose 18.4.1 
Multiplescct ts cx eset tens Seay tia tea ete ss 19.2.1 
Pyrolysis products deposits and .............0.00000 00s 4.10 
Wildlaindsfite: 3.20322 65-088 thie es Ftd cae las Sgeltee be 23.6 
Origin determination. .............. Chap. 15, A.15; see also Origin 
Appliances in area Of. ... 6... eee eee 21.3 
Gontentssanalysis‘Of s2eci Sisco tie eS oh ek RPK S a eek 15.7.3 
Debris removal. ............00. 00000 c ee eee eee 15.7.1 to 15.7.2 
Doors and windows, condition of................. 15.5.3, 15.5.5 
Explosion(s)..............5 see Explosion(s), Origin (epicenter) 
Fire damage assessment ..............54 15.2, 15.5.5, A.15.2.3 
Fire scene reconstruction..........5 see Fire scene reconstruction 
Fire-spread sCenavi0 20... cece cee eens 15.8 
Pre-fire conditions. ........ 0.0... cece eee eee 15.5.1, 15.6.1 
Preliminary scenario development. ............... 0000005 15.4 
Preliminary scene assessment.........5 see Preliminary assessment 
PurposesOf aoe Siceis india taiwan tees h ad aaa 11.1, A.11.1 
Smoke patterns to determine................0-00.00-20-. 3.6 
Structural examination 
ERETIOL siirs.g cause ites ee anata taeda. 15.3.3, 15.5.5 
TLS Ms ose Sa as sens Sie SP eet aera psceg sd ecanenensdoteorncmep iokene aber ses 15.3.4 
Surface examination, detailed 
EX CCTIOR svn cg chev ayes Bait iy Sin! SHUR eh ins Bote int eh Rous eet Dou inc Se! als 15.5 
TET ORE rs. te3 heen Rag eed te pete aeeee asi snegewsidie Anatg hep el snes 15.6 
DL Otal DUM vse Seasons: Rina sigan Nat Ousted mantel eed bae ate eitgs ibaa ces hes 15.9 
Utilities, interior and exterior .............. 15.4, 15.5.2, 15.6.2 
Outdoor vapor cloud explosions ....................6505: 18.11 
Outside surfaces, fire patterns on .............. 4.16.2, Fig. 4.20.2 
OVENS orc sod aed, San Gupiib tbat ont dh HiemalceSodsanerey erebraneneer tat 21.6.1, 21.6.7 
Overcurrent: 5.0 yos hae ioe Hope 6.9.3, 6.10.5, A.6.10.5 
DCH Mit OMS Sapo tase hy ads Bia Sorts week eee d hs ween 1.3.87 
Overcurrent protection.......... 6.3.4, 6.6, 6.10.5, 6.11.8 to 6.11.9, 
A.6.10.5, A.6.11.8 
Appliances: ht: poh late REN Bie he Se, 21.5.2.4, 21.5.3.2.1 
Branch: cirCuits¥:..¢ pened os ees bled EARS Ea hes Cae aA 6.7 
VIC es re et Does ra Meese er eee ahy ee eeds ete ete aede aete se 22.4.2 
Overhaul 36.255 bse ia tiene thea bo sos Poth ee PEA ase 14.3.4.2.2 
Overheating connections. ....................06- 6.10.4, A.6.10.4 
Overload................ 6.2.16, 6.6, 6.9.3, 6.10.5, 6.11.9, A.6.10.5 
DeHNitONy hci d ihe adh eel ae eceheatet tele te eet 1.3.88, A.1.3.88 
Motor vehicle fire ignition source .............. 22.4.2.1, 22.5.3 
Overpressure damage ..................... 18.13.3.1 to 18.13.3.2 
Oxidants, at explosion scene .................6.00005- 18.13.1.2 
Oxidation. .......... 0... c eee ee ees 33.5, 4.3.2, 4.7 
Oxide interfaces :...c 2554 Sud Kt eh ea tah eae UR Ieee 6.9.2.3 
Oxidizers, liquid ............. 00.0... c cece eee 19.2.4, A.19.2.4 
Oxidizing agents: .. 55. 26 ek sane en ne eas BL 
Oxidizing of metals............ 4.3.2, 4.7, 6.10.4, 6.10.6.3, 21.5.1.1, 
A.6.10.4, A.6.10.6.3, A.21.5.1.1 
Oxygen.................... 3.1.1.1 to 3.1.1.2, 3.3.5, 22.3.2, 22.5.3 
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Oxygen deficiency ....... .3.1.1.2, 3.5.3.2, 8.3.4.3, 10.2.7, 20.7.3.1.1 Photography............... 13.2; see also Photographs; Videotapes 
De finit On: 595255 sien specetings, sc dios BOR ome MOAN DORA TA 1.3.89 CAMeETaS: s5: FFs ny Riek ety we Roe Ge eed tah Ga EN ee Ge 13.2.2 
Oxygen-enriched atmospheres.....................3.1.1.2, 20.8.1 Composition and techniques ..............6 000 eee eee 13.2.3 
Pp Digital techn ology ies s-scio eRe aac Shei a aninerendi sar dhar'e dae 13.2.2.3 
; ia ' Bangs pAteeaor ce senate Ss sya ie Aare tan iva ee 13.2.2.2 
ae Theesene seen netreseereennaneer eee rennnens ae a Pilea e ee e an Baan nc awd eee eke: 2 13.2.2.5 
: PN Gees USOC E Pe eae ine eget i Ieense si Tes doren acme rasmicnn aan antanin Dananecaend 13.2.2.4 
ier Pevee sys acy srensn Tenn eer Cuan ater coe Tig Wniiag hand beds aetna eel 13.2.2, 13.2.2.6, 13.2.3.3 
BADGE SNS se santiy tea deel tisceied etait tele teh tdetie abt 44 yapleee Prints versus slides... 0.0.0... eee eee eee eee 13.2.7.1 
sh cles aR VA a Ite casa eae Special types of 13.2.2.7 
Paraffin wax—sawdust device ..............0...0002000 008 19.2.7.1 = Pg race LOOE SRE KnE APT easy Dien hee is 6 “a ; 
Parting arcs ...... 6.9.4.3, 6.10.2, 6.11.8 to 6.11.9, A.6.10.2, A.6.11.8 ak UR kt ee pa Pay i iy ge aor aces me 
Patterns Physical evidence ...................-.0055 see Evidence, Physical 
: . ; Physical setting of fire, and fire-related behavior ............. 8.3.3 
Hire. ¢ oxo sace sade ontmonewons ReagwonsRoagad see Fire patterns 
Pilot lights 35.2.5. fos tonite tee tik pega eee eh a ba ee 7.5.4.2, 7.9.3.2 
Search snntas we 
. Piloted ignition temperature(s) ....... : see Temperature (s), Ignition 
EXPlOSIONS o's:c3s iia ete NR ete AO tae ak 18.13.1.3 ‘i eos 
Pilotless igniters.. 2.0.0.0... eee 7.5.4.3 
Major fire investigation ee ae ee 24.21 Pine 2h ease I ett And Table 3.2.1, Table 3.3.1 
Peak heat release rates .............0..... 0000 eee eee Table 3.4 Pine shavings). /s.6:0. 205 bod pa tinig aoa a thease ARGO Wee ashen eRe RO 
Penetrations Piping and pipelines, gas....................004- 7.3, 7.5, 7.9.3.1, 
As arson indicator........... 0.00 c eee eee eee eens 19.3.5.1 7.9.4 to 7.9.7, A.7.3.1, A.7.9.4.2 
Floor/ceiling assemblies .. 0.2.2.0... 00.0000. e eee ee SAL Bar holing. .. 0+... ++ see teeter e teeter eee 7.9.5.3 
Plcnriouital Meissen Soa Mastin Gatos eh Sh oe le i he 4.3.3 Corrosion... ieee eee eee e teeters 7.9.3.7 
Pensky-Martens closed tester.............. 00000 eee eee 14.10.2.8 Uncapped. . 6.0... ecient teen eee 7.9.3.4 
Personal computers .......00..00 0000 c cece cence ence ees 21.6.14 Pitting?: 85 oe ee es Lee 6.10.4, 6.10.6.3, A.6.10.4, A.6.10.6.3 
Personal effects, of fire victim....................0000055 20.6.8 Plank and beam construction ........................... 5.3.1.3 
Personnel, specialized .........00.0 00. cece eee eeees 12.3, 12.5 Planning the investigation.................. 2.4.2, Chap. 12, A.12 
Petroleum products ................ 4.10; see also Gasoline; LP-Gas Basic incident information ...........-.+ 04-02 0eee sees 12.2 
Photo diagram. .... 2.0.0.0. 0 00000 c cee eee eee ences 13.2.3.3 Case management... 1.0... cece eee eee eee 12.6, A.12.6 
Photographs ............ 11.3.3, 11.6.7, 24.20; see also Photography Major investigations.................. 24.4 to 24.6, 24.11, 24.25 
Aerial yics aes tan tase ace dade 405d dent ath aia Ps toantts dues aeeh ane 13.2.5.11 Organizing investigative functions.................0. 12.3, 24.4 
Appliance .................0.. 13.2.5.7, 21.2.1 to 21.2.4, 21.4.4 Pre-investigation team meeting ............ 5... 12.4 
Casualties Preliminary scenarios ... 0.6.0... 06000 e cece eee 15.4, 24.11 
Burm INjUNes 3 8 es oats ents een Sade ox 20.7.2.3 Responsibilities .. 02.0.2... 0... c cece eee ees 12.1, 12.2.8, 12.4 
Death SGON Ci sce 285 ooo eee cect. ne eeaivenbnle bubsaith tate Betevbinbe 20.2.2 Specialized personnel and technical consultants ...... 12.3, 12.5; 
Postmortem examination .......... 0.6.00 c eee eee 20.6.9 . ie also Attorneys 
Court use Of. 2.0.6.6. cece 9.3.2.1.1, 9.3.6.3, 9.3.6.5, 13.2.3.5, Plats Dail iDEA Me teiaind SUMS HREM ON NEST Ribas cleat 
13.2.5.8 to 13.2.5.10 Plastered surfaces ........... 00. cece tenet eeneees 4.3.2 
Crowd Oe people wei thd cles a 13.2.5.2 Calcination of. clea aaa hep MeO aa nies ce pals 4.12, A.4.12.1 
erate ah eae to oa aceatinrsaeins 13.2.3.3 Thema) EXPANSION OF si. asco ee ee Rae Awe Lae ee eles 4.9 
Documenting collection of evidence ........... 14.5.1, A.14.5.1 Plasdic(s) ee ey NE le SP ee Be me eh ae Ceti ey arsed 
Evidence 13.258 Iniapplian es... osaiecoet bgt eee be ed dood gece eee 21.3.3, 21.5.1.4 
VIGENCE 2c cece ee ee ee eee eee tee eee eee ne eee see LDL es 
. Bags io sii Misei at ay iths aisle 8 wea etna ae eee Table 3.4, 14.6.1.4 
Explosion scene .......... 18.13.1.3, 18.13.3, 18.13.3.3, 18.13.3.4 ei F 
E ; 1S 8K Building materials, use as ...... 60.6... ee eee eee eee ee 52.3.6 
oe Shek Eh eae a ee ; — : IBA ig, Bs ion reser rca ncitvad ea etna che eh 4.17.7.2, 4.17.8 
ee Peet ea U Ny IST TY IN Tytles RUPE TERE RE TET ASS Pe: Thee es oleae odes yee Seah bd Pala na tae de Table 3.4 
Baa patterns: brig ieaghil ony tie Maven a Aes een eA iach tesa eh ey tcee ac oe Ci pie see eS detec Reh diel Ae ted te idee eho tel 45 
ae eUPEreore Ben Sa gee se Nae oe enya ae peer Combustion products ......... 6.0 0c cece eee 36 
Biveerotne apni les nsw tiedben meter een eee hoes eaaoed eminent ceca cuicees al eenelcee trance? 1.3.91, A.1.3.91 
Pant diet beanies, ole hee cabal hd Be eek Ble bes Boe ole & 13.2.5.6 FT ry Nk RD, Sl nl CO as 18.9 
Mosaics . eit tain nee tatetih a Sa Nao hen Ne Shales 13.2.3.2 Bieta Oi cacti ktmcecs beeneahote ne omnes nine 12.5.1 
Motor aes MAES) asthe, es cn ciSlaysea See Peas ashe 22.7.4 to 22.7.4 Floor patterns and. ........0000ceceeeeseeeeeeeevees 4.16.1.4 
Présentation/Of 2.0: feet ves steed ites bas teens 13.2.7 Ignition of 00... 0000 .c ccc eeeeeeeeeeeees ess 8.31, 14.10.2.27 
SECHE DEES DVAUON. syesa dn tage muse tacos ctaaNese secs 24 Mel Es otes dpa etgs cence ale macina amcacdeanmates 4.8, 4.17.8 
Sequential... 6.6... ee eee eee 13.2.3.1 Soot formations 2s .5) .0s pe Soe ed oes 4.10 
Stracturrals 5.5 secre gi tides apeid crepe fea epee en erg Paw SI 13.2.5.5 Thermal conductivities of ......-000c ccc ccc ceeeceveeeee 321 
Suggested 2.6... eee eee eee eter ee 12.2.7, 13.2.3, 13.2.5 Thermoplastics............0...0 00002000085 see Thermoplastics 
Supervision by fire investigator .................0.000. 13.2.3.4 Thermoset .... oc ccc ccc ccc cee cece cece ccc cecee. 331 
Timing Of... 0... eee eee ees 13.2.1, 13.2.3.3 Trash bags: j.30 save haw ene oh eg her gate nen manatee Table 3.4 
UUity ates ies tii sedt eed wide thie te eae eee 13.2.5.7 In vehicle fires .... 000.0000 cece eee cece cece eee ees 22.3.3 
MAG UTI ees feeds See ats sane aia dete aetna, Sok aia toed oo naan Reo nas OES 13.2.5.9 Platform frame construction ........................... 5.3.11 
Witness ViewpOint .. 6... eee es 13.2.5.10 Platinum}: ft9 36 iss Soe ls Sed G ARIA Ste Mia Rea os Table 4.8 
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Pig FUSCS 2 ii atiee anced ts tee Sea Oe fee ates hat Se A 6.6.1.1 
Plugs 
APP ane” sai pstcn Me Nea Ae Oh aad bagel eA 21.5.2.1 
US le ic ads Serta unter gS cite gonatie OS. senabaliey wih Goat tecata Soe 7.4.2.5 
Plume-generated patterns .............. 0.0.0 c eee eee 4.2.1 
PHIM GS 33h oo cesses $595 tea ey tat decd ce Mla gag Buds aad Galles degree IDE Aoe 
Gonfined fires ich. 3s Sansa s eRe eye RLS PRAR Daas ots BOD 
Dehinition'2.3.5.c3. 30.5 sseWhswee kde essed fo) 28 1.3.92 
Location of fire in compartment and...................3.5.4.3 
Température «sees Mae cee oie bs Bie AS. 
Uncontined fires: in) ott. tote eas SUM tee tae as BOS 
Pocketing of fuel gases..................... 18.8.4, Table 18.13.2 
Point of origin... .. 0.0.0... eee ee ees. SOO Origin 
Pointer patterns ........................... seeArrow patterns 
Police departments.............. 11.5.1.8, 11.5.2.6, 11.5.3.9, 20.2.3 
Polyethylene ..................... 6.7.5.3, Table 3.2.1, Table 3.3.4 
Polyolefins:. 654.646 goes hn ols eked sae sade tte 6.7.5.3 
Polystyrene: 34.3.5 68.5455 ghnynd chavs oes Table 3.2.1, Table 3.3.4 
Polyurethane ...... .3.6, Table 3.2.1, Table 3.3.4, Table 3.4, 3.6, 4.3.3 
Polyvinyl chloride (PVC) ........... 20.5.3, Table 3.2.1, Table 3.3.4, 
Table 3.4, 6.7.5.1, 6.7.5.3, 6.10.6.1 
Pooled liquids....................045. 4.17.7.2, 18.7.2, 18.13.1.4 
Porcelain .s..2.0 5 ses lesctlescs E28 ys Lie 84 RG Ei ORS IRE oC Table 4.8 
Positive pressure phase (explosion) ..................... 18.4.1.1 
Post and frame construction ...........................-5.3.1.4 
Postal Service, U.S... 0.0.0. 11.5.4.12 
Postblast damage ....... 6.2.0.0... cece 18.13.3.2 
Postflashover ....................... See Full room involvement 
Potimetalls sp cc6 CoUS Es ack oa oe Rhein ORE eels Table 4.8, 4.8.1 
Potassieim Nitrate oes. s5 oo! gee lot 9 eek Shee aes ea DEL 2 
Potential fuel type, identification of........... 18.13.2.5, 18.13.2.7 
POWER 25 fen va SRS CRS ROL TAS Meet 6.2.14 to 6.2.15 
Power steering systems. ..... 6.0... 20.0... c eee eee 22.5.6 
Power tools, use at fire scene of ................ 14.3.4.2.5, 14.4.3 
Preblast:damage ssi i6cscgsnaty slnasnap a aaa oaed sea bt VOM ORIS. 4 18.13.3.2 
Pre-fire conditions .........0.0..0.. 000. c eee ee eee 15.5.1, 15.6.1 
Preflashover conditions ...................0.-0005 Fig. 3.5.3.2(c) 
Preinvestigation team meeting.................... 000.00 ee 12.4 
Preliminary assessment 
Explosion scen€ .. 0... 6. tees 18.13.2 
Fire scene 20... cece tee eee eee 15.3, 15.7, 24.11 
Premixed flame.................00 0000-0 e ees. . Sel Flames 
Prescribed firess, «5 4.04.0 6008.8 0 heal eae Sa dite Sy Boca 23.7.2.6 
Preservation (definition) .................. 000 eee eee 1.3.93 
Preservation of evidence ..................05 13.2.1, 14.3, A.14.3 
PHESSUPC 50 oi sos svete ccd pgs aA oe dior euechcsueiase, gees 4.13.1, 18.5, A.4.13.1 
Pressure regulators, gas ............... 7.4.3, 7.5.1, 7.7.1.4, 7.9.3.6 
Pressure relief devices, LP-Gas ................ 000000 e uae 7.4.2.1 
Pressure rise, rate of . . . 14.10.2.25, 18.3, 18.4.1.4, 18.5, 18.7, 18.8.2.5, 
18.9.1, 18.9.3, A.18.3.2, A.18.7.3, A.18.8.2.5, A.18.9.1 
Pressure testing, fuel piping ................ 7.9.4, 7.9.6, A.7.9.4.2 
Pressure vessel explosions ................0 0.00 e eee eee 18.6.2 
Privileged communications ..................00.0 000 eue 11.2.2 
Probable :cause?s 9. jo..5.5:8, 53 cs5d. choc eeb dead toot ehh oS 9.2.3.3 
Product liability... 0.0.00... 9.6.3 to 9.6.4 
Products 
TAD ENS easter Sai cee tack Mianaraeates 8.4.1.3 to 8.4.1.4, 8.4.1.6 to 8.4.1.8 
Mistise OF rio pei rece sis shea Faas, dads asa dhe cee 8.4.1.3 to 8.4.1.8 
RE CAS: Of) acies sies 5. isp east aps Sepa apse sve pbead ej oi deat i ease, aN ad 2d, tra a 8.4.2 
Products of combustion ................: see Combustion products 
Propagation reactions. ...................0.0000- 18.2.3, 18.4.1.3 
Propane.............. Table 3.3.4, Table 18.8, 18.8.3, 18.15, 22.3.2 
Appliances; 5 seve esses whe edb eee thie ees eee els TA M2 
Building systems...... 7.2.2, 7.3 to 7.4, 7.5.1, 7.5.4, A.7.3 to A.7.4 
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Burners if 23.0.4 cerned ieee eek ana ee kha 7.5.4, 7.9.3.3 
FID Di Stee aay tate Ee bie ea Pees Ce ed ES en 7.2.3.2 
Vaporizers cise Geass We ee aes bets ROAR 7.4.4 
Ais Vehiclefuel.. 33.24 :sc0 aghast ds toe anetey dudes anete dudeebonengintieauseerie 22.3.2 

Property damage, explosions................. Table 18.13.3.1(b) 

Property Insurance Loss Register (PILR) ................. 11.6.10 

Protected areas ........0. 0.00.00. eee 4.3.5, 4.15.2, 4.18.2 

Protective clothing and equipment 
PH Anant 6.5, sik es apne, hatha typ cance niobcnotee 12.2.5 to 12.2.6, 12.4.1 
AUSCENG i 52 mee ovo’ 10.1.2, 12.2.5, 12.4.1, 14.4.2, 24.12, A.10.1 

Wildland fires. 1/5 so: cus od wis windy able Bis ad aha as bad eter ond bade 23.9.2 

Proximate cause. ... 6... 6.6. teen 9.6.1 
DefinitiOins 454 si as 8 daha beten te hake Becilec daleccalea hale ee doshtctale 1.3.95 

Purpose of document ................ 00 6c cece eee 1:2 

Purpose of investigation .............. 0.0.0 e ce eee eee eee 12.2.8 

PVG oa aa ae eae ae Ba RE see Polyvinyl chloride (PVC) 

Pyrolysis ..............0.00 0000 e eee ee 3.5.3.2, 4.3.2, 4.17.7.2 
Definition sch eek Alek ys eB hale A os at a a 1.3.96 

-Q- 

OT Fu Aer aa Table 4.8 
Quick response sprinklers. ...................0.002.0-+. 3.5.3.2 
-R- 

Radiant heat.................3.2.3, 3.3.1, 3.5.3.2, 5.2.2, 14.10.2.20 
Burns caused by... 6.0.0... eee eee 20.7.2.4 
Definition svs..3 cb Ses eg he, pees ees rola eens 1.3.97 
Penetrations caused by .......... 6.6 0c ec eee 4.3.3 

Radiant ignition......................005. 3.5.1, 3.5.4.2, 4.16.1.4 

Radiated heat. .........00 0.000 cee eee 4.11, 4.15.1 

Radiation ...... 3.2.2 to 3.2.3, 3.3, 3.5.3.1 to 3.5.3.2, 4.16.1.4, 12.2.5 
Definitions: s:.3: seen tae ain lagen tetany dagiel eats Haya 1.3.98 
Holes in floors caused by ... 0.6... 6.0 0c cece eee 4.2.2 

Radiological terrorism. ............... 0.000 e eee eee eee 10.3.3 

RADIOS 609,350.30 ee ais BS Meee Siig te Mage Slap onbiotaite nar eae 21.6.14 

Rags 
Bal€ ds nasa st ohne Rok Wed toecnee tor ees Sa hene Tene ee Table 3.3.5 
Teiniseed Oiled 04. Sete oi elated Ll Mh halt del ed Table 3.3.5 

Railroad, as wildland fire ignition source ................ 23.7.2.8 

Range (stove) ............... 00.0 e eee eee eee 7.8(c), 21.6.1, A.7.8 

Rate OF Chiat oo. s503 8 a ce ci beh Bs Dedede bok Gu sb 4.5.2, A.4.5.2 

Rate of heat generation................ 0600. e eee eee 33.5 

Rate of heat release .......................5 see Heat release rate 

Rate of heat transfer ...........0...... 0000 c cece eee es BQ, 3.3 

Rate of pressure rise....................5 see Pressure rise, rate of 

Rates, smoke production. ............. 000.0000 eee eee eee 36 

Rates, smoke release...................05. 14.10.2.24, 14.10.2.26 

Real estate industry......................000000088 11.6.7, 15.9 

“Réasonable time? ii. dag inte teed oh tgs ie Ved dagen 9.2.3.2 

Receptacles. 3.55505 585 SAA ay ee iy At eae ace ha Sele he ak 6.8.2 

Recommended practice (definition) ............ 1.3.100, A.1.3.100 

Reconstruction, fire scene........... see Fire scene reconstruction 

Recorder, county .... 2.0.6... eee 11.5.2.1 

Recording the scene ............... 12.2.7, Chap. 13, 24.20, A.13; 

see also Documentation 

Records. ... 2.0.0.0 .0 000000 c eee eee eee es. . See Documentation 

Recreational vehicles...................... 22.4.2, 22.4.2.4, 22.12 

Red ak», G25 hen neition aad BA fauehoreg aa bied etme pes Table 3.3.1 

Red [OXI 6 os 555 oi seg ceeniy ie Maes Ge ale suas eats acs. Sher tet al Ganend sad 4.7 

Redwoods iy...5 85 38 Lig ke ag Sie Ca ed Bal cea Table 3.3.1 

Referenced publications ...................... Chap. 25, App. C 

Reflection, blast pressure front ......................005. 18.5.1 
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Refraction, blast pressure front......................0000. 18.5.2 CortitainerstOtrs 2+ 46:4 348 aa a aes tans ek tess tele 14.6 
Refrigerators................ 00... e eee ee ees 7.8(d), 21.6.5, A.7.8 Electrical equipment and components .......... 14.5.5 to 14.5.6 
Regional fire investigations organizations.................. 11.6.6 ASCO Se SAIN PAU BAS STATA BAM, os 14.5.4 
Reculangnyotate deparmmentghyo) xis «hy cater eee te een a ae LGnid ksrsseameeaues 14.5.3.1 to 14.5.3.2, 14.5.3.4, A.14.5.3.4 
Reg AN OnE VS RB ON OL She Rete tax ie Meee vee Bald. eats wapiaanatte handed oak tel 14.5.3.3 to 14.5.3.4, A.14.5.3.4 
ce OS FLOM) i sah Eh tartar ast tala Soo Mab AeOh Sufficiency of, for testing...........0000ceeeeee eee eees 14.10.3 
élays, appliances... 0.050. ae ea ee Baa 21.5.4 . aes 
Release of information. ................0. 06. e eee eee 24.23 Sanitary Fates ea ee Mies pee fie We aeeg apts ee eh 2518 
Reliability of information. ............0...00se00eeeeeees 11.1.2 Satellite imaging, wildland fires .....................0.0. 23.5.1.5 
Reporting procedure ................. 2.5; see also Documentation Sawdust A Eres eM hat onye aby oe Ee YS Te Ree Ege eC naples 2 
Waking Pee hoe ec ie tyes, at oe Rites te eel ten 18.9 Scenario development............. 0... c cece ne 15.4 
Resistance Hichtintts cca state ceven Sheu insacew actin te 6.9.2 rhssiaenE: architectural and engineering.................... 13.5 
Response time, fire protection device.....................3.5.3.1 Scientific method EE ES See 2.2 to 2.4, 16.2.5, 16.7 
Responsibility (definition), ...............00..e00eeeees 1.3.102 PDF O MN scot Me ae yai ate 2) apes WER eae Sh ated Stan laa beaches 1.3.105 
Responsibility for fire/explosion, determination of ........... 16.6 Scientists... .. 6.0... ecient eee ees 12.5.1 
Revenge 0.2.00... ccc cece eect e nee ees 19.4.8.2.3, A.19.4.8.2.3 Scope of document .... 11... 6.0... e eee e eee teens 11 
Revenue, state department of ................00..00 0 eee 11.5.3.4 Scorching ....-. 6.1... sees eee eee eet eee eee 18.8.2.2 
Right of entry... 000.000. 2 cece e eee eee see Entry, Right of Search patterns 
Risk (definition) Une Men tac tet Pat aE nro Re neers 1.3.103 Explosion SCONCE yo s oi wie aie ea ie ee ee ee Oe 18.13.1.3 
RRO CN es yet aetaen atta hinds Detietw dbaeeiincat on tothe ated ae Ron taboee 4.7 Major fire investigation ... 0.2... 00... e cece eee ees 24.21 
Roll vets, s ce snc leer Ss ee ala ah nlipd ated eels eID Search techniques and equipment, wildland fires... . 23.5.2 to 23.5.3 
Definition. 3s 5h hie oes ee FOE ewe ae Ba a ERS 1.3.104 Search warrants 
Roof assemblies ........... cc ccc ccc cece cc cec ce cce cece. BAI AdMInistratve yw. hue ok Geos Ma NA TOA ae eee 9.2.3.3 
Roof coverings, testing.............0. 0.00 cece eee eee 14.10.2.19 EVP OTTI hie 16 ons Zo gta den Forbes Diol eh a leh ean Rae AUR aR a Ree Me 9.2.3.4 
ROOFS? esre5. sh Ee BO BE a 4.3.3, 18.3.1 to 18.3.2, A.18.3.2 Seated explosions.....................0.0.0555 see Explosion (s) 
Manufactured homes.............6 000-0000 0-00--+-5.3.1.6.1 Second item ignited. .............0. 0.000. 00 eee eee eee 3.5.3.2 
Room fire experiments. ................ 0000.0 ee eee 14.10.2.21 Secondary explosions........................-5 see Explosion (s) 
ROOMiSIZE 50 i508 55 hid Siac cd siete 0d a ead eee as D221 76a Secretary of State... 0.0.0... eee 11.5.3.1 
RGOt8 22265 k EE ce tk nt Ree dh Se Bk ae tee ae 23.2.2.2 Security 
Rubbers. 634.404 ihe add ols Sa beh ehh Ae Ae ee ak 6.7.5.2 Explosion:scene’s o: $s ioce dpa lal de cae baled O38 Se EM 18.13.1 
RUGS sigh cies cae, Ed Sloe wh, Ca ea Gee, FS see Carpeting Hire Sten’... 2eG ernst 12.2.7, 14.3, 23.5.2.1, 23.6, 24.15, A.14.3 
RUSt eect eee eee eee BILLA, 47 Seismic effect. .............0 0.00 eee 18.4.4, 18.13.3.1 
S- Seismic effect injuries ............. 0.6.6. c eee ee 20.8.2.4 
Self-contained breathing apparatus (SCBA) ................ 24.12 
SDL ARE DiS idsheh, Ce tot tal tok et deice tales tad Robt aceti Self-heating. 0.00000... 0000 cece cece eee seen ess 3.3.5, 3.3.6 
_ Saddle DUES Sc L Sas ROSES MENA OLN awe ans etys ally) Te area ive due baan ane ngiaa tae ieee 1.3.106 
Safety, fire scene... 6.0.0.0... eee Chap. 10, A.10.1 Selfienition...............0 0.0. see Ionition 
Bysiaileie es ettane baclacd ethnic anaes taint Aen ahh ake 10.2.6 eran seek 
ae : elf-ignition temperature ................... 5 see Temperature (s) 
Criminal or terrorist acts ©... 6.6... e ieee 10.3 Saruice SAteai Odie reece oth wi ie ge iene teats Fig. 6.3.3 
Dangerous atmospheres. ....... 0-60-0006 eee e eee ee 10.2.7 Conductors... cv cue bev enecedbunieteeesea cus 6.10.3, A.6.10.3 
lectrical Havards. oh nvas view Depa eas Mee aes 10.2.3 to 10.2.4 CHENOA TE oo one n seed ee eet oe Baal eel de 6.10.5, A.6.10.5 
He OO SC CTS eee to nek ae Ree Ee eee eee eos Service equipment, electrical ................ Fig. 6.3.3, 6.4 to 6.5 
Fire scene reconstruction. ... 0.0.0.0... cee eee eee 15.7.1 AYSON ANC... occ ccc ccc cece cece ebb cee cecneeee 19.3.2 
Pazar dss 4.2 oie ace oie hake BSS ydmeael nee ate 10.1.3, 10.2 Cables, service drop/service lateral ................00-. 6.3.2.1 
Health and .........-......000, 10.1.4, 10.2.7, 10.3.2 to 10.3.3 Setaflash closed tester... 0.0.0.0... ccc ceeeeceeeeees 14.10.2.10 
Investigator fatigue... 6.6... 6c cece nee 10.1.5 S@Wer BAS: occ aca isio's aanitrn doe tu ssiticn dun Macerasean he euesanede 6 Table 18.8, 18.15 
Majorfires..2.5 033 cask oes ee lee ae ee ie es 24.12 Sheriff’s department ............... 0... e cee ee eee eee 11.5.2.6 
Motor vehicle fire. ......0.. ccc cece cence eeeeeesneees 29.9 Short circuits .................. 6.2.16, 6.3.4, 6.9.4.3, 6.9.5, 6.10.2, 
Protective clothing and equipment for. . . . . see Protective clothing . ne TOOL DY SOLO 2,20 Flee 
and equipment DefiniOnt sks ca taneet de nak wad Raliegh Weare Meh wan es 1.3.107 
Sanding Water ase t hoi ao Ridden eae 10.2.5 Shrapnel effect ayer, WlNe teh Blast entyt ase tl eather 3 18.4.2, 18.6, 18.13.3.1 
Stattis: oF SUPpressiOns + 232 0i3.6 esissis gost lp tee dip medio tees 10.2.1 os ae Hye eRe TA TS g Oa A AS 4h cee 
Structural stability... 2.6.0.0... 0... eee eee eee 10.2.2, 18.13.1.4 Silicone . Se Sta) Sebi ach teh es me, RAs ae Be nal, a 6.7.53 
Tools and equipment, exposure Of ................0005. 10.3.4 Sate Sen Acree pet tele ad tue eet teeta hectic, toate. tee eG 
PIRES Sd etl Se atieat tek Stat Skolt cba eel Salee hat} 2) Silver cereus asta Siees tiem uadeate de 6.2.12, Table 4.8 
Wildland fires: = 2s. isc cotree Me treet dd Rb aentd aS ae ON Pan aes 23.9 Site alteraGOns nd os ese es ec he gb 15.3.4 
Safety monitors... 2.2.0... eee cee eee 24.12 Size of incident. ............ 0... eee eee 12.2.4 
Salvage oo. cc. ee ie era es beset ewe nea ea ewes 14.3.4.2.3 Sketches... 0.00... cece eee eee eee ee. See Drawings 
Samples............................ see also Evidence, physical Sleeving. isc ba vied taped Oh alee Lad Besa alee ee 6.10.5, A.6.10.5 
PA re ress tage ed eedaes ays Hlaee aye Bake waye Gegen G is ejetens eeMesseats 18.15 SimOKe a peep ee a ed Wien Be OED votes Han Beaty the ats, Bi 
APpPlaniGes as c cee te ain tial pana odes A le ted S Re ase 14.5.6 Behavior Gh ss o04.24 sw PRT eee EA aces Ch eee PO 
Chairy-of Custody». 5 S006 be Rees MRE tee ts 9.3.2.1, 14.9 COLO OF 55. Yiccs HS ES TRS ec SWS SS eee Ose aes tay Yew O20. 
Comparison... 0.0.0.0... 0c c eee eee eee 14.5.3.4, A.14.5.3.4 Dehmnition:3 08 28 ete) a ts ae Masts caidas Be pace eae eee 3 1.3.108 
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Fire victim, exposure to smoke of....... 20.3.4, 20.5.4, 20.7.3.1.3 
Human behavior, effect on ........0. 0.002 e eee eee 8.3.4.2 
Smoke barriers:.°.3.5%.2 30 bb fas hee tet ts Be ee DAZ 
Smoke condensates. .... 2... 0.0... c cee 4.10 
DENNIMON 5.5 ssslsS Sai Rese ae eee bs AM 1.3.109 
Smoke detectors..............: see Detectors and detection systems 
Smoke explosions. .................0 0000 cece eee ed see Backdraft 
Smoke explosions (backdraft)............. 18.2.4(4), 18.7.4, 18.10 
Smoke patterns... . 0.20.0... 0.0 ee 3.6, 4.10 
Smoke production rates... 0.2.2.0... ee 36 
Smoke release rates ..................0055 14.10.2.24, 14.10.2.26 
Smoke staining .... 0.2.0.6... eee 15.5.4 
Smoking materials............... see Cigarettes, as ignition source 
Smoldering ............ 3.1.1.2, 3.1.1.4, 3.3, 4.3.3, 4.10, 4.14, A.3.3 
DG hinh ON oth sserahe asenas toned eevee Seeaes kau siN Ree aes bated 1.3.110 
Transition to flaming combustion....................... 3.3.6 
Wildland: fines. 20s cre tie. ee ace asa Ate ha Be Rc loca eh acne as 23.9.1 
SOW 5B oie Segoe siee sehen eaten Ubianenaeate as vaie alge rap erntiee ee 12.2.3 
Society of Fire Protection Engineers...................... 11.6.2 
SOLAS? belciccts Bu is Duarte hued aed ite the heady adne Table 3.4 
SOL WOO 355.5: she be iyeces ead Gus oleh aa seh duhd Ges elvan ahaa Table 3.3.4 
DOM pinisienn ea etee wes Ses Gare tal meee odie Lawes Mages eos 4.7 
Soles CG): ote a ecte Se tole Bk 8 ADR NAO aly A a aN BR Gd Table 4.8 
Solenoids -36 50 ais ep ahals oa G Supliers bape sae babe Sake oes Bede 21.5.4 
SOM Feds oss serein.saecussrodoyseosiuk och Dau ceaniis auto nace wa dahteee TAN 22.3.3 
COMbUStON Ofes ales oa eae Gotu ean CALL ESL 
Gasification Process: o..5.... ee ed ceed eae ele tee eee ee OD 
PROP Cries Of es 25, jond eos, Se, die, Sod ede Acasa ds weasce gran’ wearers 22.3.3 
SolidS:.2.\ 25 Jute Sie Lie eae Sa hae see also Solid fuels 
Animal'and vegetables. 60.5 hose ds hace de Oe Riba eas I DLOND. 
Building materials, change in physical state of............5.2.3.6 
CONAUCHON oe. ss cede Sceatattes Marre peest ay Nar bay eloteree, grate asa, ce, grey ee ote e 
Hire:spread raters ch boosts. 8 otach detest deeds g edeuts he Pgs BEL 
Tenition: Of 6.2.4.4. 55 acted ond ahd caves mreaiars 4a 3.3.1, Table 3.3.4 
Melted, liquids versus.......... 000.0000 0 cece eee eee 4.17.8 
Solo investigations .... 00... 0.0... 10.1.1 
SOOt. S40 N cet Rie iinie e Ase diets fit DD 3 2856247, 
Definition 9.4.4.5 Faia asd Gataed Gale aad Sn dans ada Ga 1.3.111 
Fire victim, exposure to soot of................6- 20.3.4, 20.5.4 
PAULO THIS 25 5 fo53 dock ites NE Bae CHd Geeks CR Res CA Ee 4.10, 4.13.3 
Wildland fires? 5..c052.5, to. cibaceasie ee cing awa gand ede taba 23.4.6.2 
Space: heaters: 25.4.5 20 a.9s Bi fad ana dies Bind aad give SES. 4 21.6.8 
Spalling?: 455.035. code Sobeehd Lee esau sestn he ws 4.2.2, 4.6, A.4.6.1 
Definition .:34. bas Ris Sa oh s SL AS OAT ato tae 1.3.112 
Interpretations Of .......... 00.06. c ee eee eee 4.6.1, 4.11, A.4.6.1 
Sparks 
Deninitionss-23.5 co. cii sti ehh Pele ee O28 ul Be 1.3.113 
BIGCtri@: 3 3 Fa. 6a S aw aed ht Aol nt ASE dane Slated aaa waned 6.9.5 
Definitions sive h wk ee th ee bh aie i ee eh ea he 1.3.113.1 
Mechanical. .0. e500 a eae be ae Table 3.3, 22.4.4, A.22.4.4 
Specialized personnel. ............ 6.0... c cece nee 12.5 
Specifications, architectural and engineering.......... 13.6, A.13.6 
Speed controllers, 50.663 oi nd yee oe San ote Ses IME ae 21.5.9 
Spoliation (definition) .................. 0... c eee eee eee 1.3.114 
Spontaneous heating..............00.....0 000s eee eee 23. F102 
DGANIT ON <2ssse gS c assed ok Gad aes aed SO GA 1.3.115, A.1.3.115 
Spontaneous ignition ................ 50.0.0. e ee ead see Ignition 
Spray painting... 2.6... eee 6.12.2.4 
Springs, furniture.................. 0.0 eee eee eee 4.14, A.4.14 
Sprinklers ............................ 3.5.3.1 to 3.5.3.2, 3.5.3.2 
Spruce: : 4 seeks dk ake Shae Mel ek Pee Table 3.3.1 
Stainless'steel!::..02545,.- cca Perea eR RS ae Mk ok eae 4.7 
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Stan wayss. a0. 1032 ats ccdnunied pene ehaus gtusntog ee ate a 19.2.3, 19.3.5.1 
Standards 
Gommplian ce ton ieee e A aks eohisn Gs olexteden alas oiked alarges doa eheleos sce 7.9.2 
Definitions. 564.07 Sou gig Sis ates 1.3.116, A.1.3.116 
Violations: Of.s.i4 sia 5a sa eee ek ek C8 AER 8.4.4, 9.6.2 
Standing water x). scence rt ein oe WU Ries eee a Nee BS 10.2.5 
State Department, U.S........... 2.000. 11.5.4.8 
State government....... 0.20.0... 0. ccc eee 11.5.3 
Static electricity .................... 6.9.4.2, 6.12, A.6.12, A.18.8.1 
Controlling accumulations of... ..........6..0 00000 e ee 6.12.5 
Generation OF; accu. ccs he Bs Bee Leh eke Stas feds es 6.12.2, A.6.12.2 
As ignition source ....... 60.00.00 eee ee 6.12.4, 6.12.6, A.6.12.4 
IN CEN AIVE AVS io heiress tas eae adelg, silehd nto delong iets: eelebene ter Sete A.6.12.3 
Investigating ignitions....................002 0. eee eee 6.12.7 
Steady state: § e200 sei Mw he ied eam Sd, eed ham Sag Dol 
Steel 
MOVIN OOF a socsie i ie ee  leteies tak apd dh anenenns tat vente s ftcanenerstee 4.8.2 
Appliance housings....................06. 21.5.1.1, A.21.5.1.1 
PNT CHD Os 2752 at Shey see Byte aut serheuie hu wa tle Ae ulerauoren ds elena Deus iad iet Dau 6.9.5 
Beams, bending Of ise agit. ohoat specter ang ed eagetlae ans 4.9 
Distro. Obie sae dinate tava hha ee Ea ela Mar etd ha telerntss 4.20.2 
Melange so kite tos aye tiny bee tbe eee ee Ada thm a rnin eee 4.8 
Oia ON 50-2 oe5 jal Beet stewie Hk Bea eed au dees EA giacess ERA 4.7 
Residential construction, steel-framed.................5.3.1.6.3 
Terminals. 2 3.5:fies. 26008 ends PSR oe Re OLS 6.10.4, A.6.10.4 
MOOS al ksh ects wae heb ele dba uaeeteed A ata hla tli td hi Table 3.3 
Steiner Tunnel Test... 0.0.6... 0... cc cee eee eee ce ees D237 
Stoichiometric ratio....................0.0624 3.1.1.2, 18.8.2.2 
SHOVES 665 he EG oes SOR EO Ee OO OS EAN 7.8(c), 21.6.1, A.7.8 
Stranded conductors..................5 6.10.2, 21.5.2.1, A.6.10.2 
Street departments, municipal ......................... 11.5.1.4 
Stress in materials, and spalling ....................0..0005. 4.6 
Strictiliability” 25.25 6 d.ceys Lhe ode ad ho dhehas deb enh 9.6.4 
Structural members.............. 4.16.1.3, 4.17.6, 18.3.2, A.18.3.2 
Structural stability ....................... 10.2.2, 18.13.1.4, 24.12 
SUPUCturEs 33.62: Soe ai sisi aie sae Sree see also Building systems 
Dimensions: Of 26 tse iS eg Shek ea teks ate tik a 17.6.1 
Explosions in..............-...00005 18.1, 18.3, A.18.1, A.18.3.2 
Damage analysis ................0000000, 18.17.2.2, 18.17.4 
Displacement of structural components............ 18.13.3.3 
Leveliof damage. 3 35.2005 3 sea hs ati Fe VES aa RS 18.8.2.2 
Overpressure condition ................. 18.13.2.1, 18.13.3.1 
Seismic Hectise. shed Hyg wie ee EES Ee Sen ety han re 18.4.4 
WENUNGE Mists cers aandG neue sp igwerde Satde wteta hens see VENUNGS: 
EXGCTiOf 2 danse gees Rise tao panto anes 15.3.3, 15.5, 15.5.5 
FICISHUOF cotienta suseentihis ates, La butte Eaasa tals ashett aeuaodhes. ceueys 8.3.3.3 
| Ca Ko (0) em ee Rn 15.3.4, 15.6 
Dab Ota ge: Of sie cs. eas suondun ded Riordut season aenahalern adhe Biol d euerdse oh his 19.3.5 
Total burn investigation ... 6.2.6.6... ee eee 15.9 
Types‘and) Usé.0F <f.as tes pin taeda th ted lee OM th eee 12.2.5 
Vehicles burned Mises os suc eto aeeded hb atte Sudily pe tebe. Sa ed 22.11 
Venting fovea aisenie eters Gian cate Porn Bee 18.8.2.6, 18.14 
Bod) 1 Se aC CO CORR IS 
Suppression 
At death scene, effect on evidence............ 000. 20.2.1 
Defhinitionsss.35 owas Ala eho reed ange ater 1.3.117 
DGviGeS.as tere iat os Ra tenes ate seed dos adele et Mar etd ate ty? 15.6.1 
Heavy equipment, suppression systems for............... 22.13 
EIGIES CAUSE GD. se. syelh eh ina lon hig aya ol diaue rae Sesh watts Ceiolh wees lot Ns 15.5.5 
Human behavior, effect of suppression systems on........ 8.3.3.5 
Manual’ cotinine sialon ohio sda tien Mah sl thee Pea e vO 
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Preservation of scene by suppression personnel .......... 14.3.4 Ignition sources, burning and sparking temperatures of... .. .3.3, 
StatusOFs Siuie varahnen faa tens cals Slaaktel hea seeeaNes 10.2.1 Table 3.3 
Wildland fies 22x pathos neh Ueui detec Mew aa dete 23.3.8 Melting .....-.+.+-.+.++++.+...+., see Melting temperature (s) 
Surface area... 2.00.00 cece cee cee cece eeeeeeeees 33.1, 4.3.2 Radiation ands isa wee Ra ee OLA TORE ae I Aa Fig. 3.2.3 
Surface effect ......0.000.0 00. c cece eee e eens 4.3.2, 4.5 Self-ignition 
Surface fuels i.454.5. be csek ese da gabe bod Gye dab) Lae 23.3.5.5 Ghemicals)...0 scutes maine we nalawer ar nnae Iatiauwelns 14.10.2.11 
Surface temperature. ... 0.0.0.0... 000 c eee eee es 3.53.2 Definitions fs Weld yee ea eau s dae dae eae eles On 1.3.118.6 
Surfaces, and spalling. ............ 0... e cece eee 4.6 Terrorist acts, fire resulting from...... 10.3, 19.4.8.2.6, A.19.4.8.2.6 
Surface-to-mass ratio... 2... teens 16.4 Testimony 42-25. weat sine ts gird ca ele ci eaeekea canes 9.3.2.3 
Surrounding areas. ........... 0.06... cece eee ee 15.3.1 to 15.3.2 Expertiog.%i4.3 34 344.5 olsen eal b45 Gale beep eal dak Seep eed’ 9.7 
Suspicious origin........... 9.5, 16.2.4 to 16.2.5, 16.7; see also Arson Testing... 0.0. c ccc cece cence eee ee 14.10, 17.5, A.17.5.2 
Swamp gaS ..- 6... eee tet e tet eees 18.15 Accelerant:.n ki) baacdd ebb had bead ad dobhayes 14.5.3, A.14.5.3.4 
Switch loading. ........... 6.0... sess esses 6.12.2.3, A.6.12.2.3 Appliances .... 0.000000 cece cece eee e eee 91.9.5, 21.4.5 to 21.4.6 
Switches... 66s s seer eee e serene teers cere rnnnneeenes 6.8.1 ASTI Sy ee aaticdael ae en ete ba dnc ets 14.10.1 to 14.10.2 
Tapante Sp eR aees ee NB ee pe Oa a ae Comparative: $5 tag hee eae eis ee Bs 14.10.4 
oid ani Goes Sar a he ee Ena Data required for. .... 00... ccccceeseceeceeseeueeeenes 17.6 
ME RECS PIRILLO IIOP ITT! ang Explosion fuels......0.. 000000000 cee eeeeeeeeeeeeeeees 18.15 
MIMO Se eos Campa mo pO Rp aay Maat ey one Factors affecting results... 22... 0.0... c cee eee 14.10.1 
SYED OI set Ou ets (eee Ceo A ONT Pee Fuel gas piping............ 0000000020 7.9.4 to 7.9.6, A.7.9.4.2 
Systematic approach .....................45 see Scientific method TA ey oles beh tie eceh tlephertnte feck echoes abe eine 18.15 
Systems analysis. ........... 00.0.0... cece eee eee 17.3, A.17.3.1 ate 
Limitations, fire tests... 0.0.0... ec eee 17.5.3 
-T- Méthodss.. 4.4 tasaas Caines gad bene 14.10.2, 17.5.2, A.17.5.2 
Tag closed tester... 2.6.0... eee ees 14.10.2.6 Physical evidence... s:96 fcuk ies bia Bie tee an ide ge Gi acoder whe Ra 14.10 
Tag: Open CUP ys e955. 555 ich ed Ge ee Gee ed eB as Eee 14.10.2.9 Role; fireteSts ised ces oe ahd Sane Sade Ee yea ara ee, aes pee 17.5.1 
Tamarack... . 2... 0.11 e eee eens Table 3.3.1 Sufficiency of samples for .......00 6000000 c cece eee eees 14.10.3 
Tanks eRe s #5 a uchivery chen vt aware 14.10.2.13, 14.10.2.16, 14.10.2.28 
PAG aS debe raWng.ox bhiede te Rared Seely kes 7.4.1 to 7.4.3, A.7.4.1 Te HleS te, Ck ee 14.10.2.13, 14.10.2.16, 14.10.2.28 
Static electricityand .................0205. 6.12.2.2 to 6.12.2.3 Texture, surface 00.0. .0 ccc ccc ccccsucsucsuctecsucnes 4.3.2, 4.7 
Tape recorders .... 2.0.6... eee e ee eeee eee e es 13.3 Thermal columns .......................2.0-020005 5 see Plumes 
Target: fuels. scscrs os. cney caer sane. ah ened nate eae alte see Fuel Thermal conductivity.................... 3.2 to 3.3, 5.2.3.4, A.3.3 
Tarry products. .... 2.2... 0.060 sees ee eter eee 36 Thermal effects ................. 18.4.3, 18.13.3.1, 18.17.5, 20.5.2 
Team Leader Committee ....................44. 24.5, 24.9, 24.23 Thermal expansion ..............0.0.00000ec eee ees 4.9, 4.20.2 
Teams... 0.6.16 e eee eee eee e eee 12.1 Definition. ....... 0.00.0 cece eee eee ee eens 1.3.120, A.1.3.120 
Meetings OR Ee fe SAS apes Por Ge pore Ale RS Ba td 12.4, 24.9 Thermal inertia ............-222cccc05 3.2.1, 3.3, 5.2.3.3, 16.3(c) 
Organization Of. 0.6.6.6... eee eee 24.4, 24.8, A.24.8 DGHMITON ice soo pscdmidhe achaiere a4 eaeela ean ston geen Ms 1.3.121 
Technical consultants ...... 2.2.2.0... eee eee 12.5 Thermal injuries. ..........0.00 0000s cece eee ens 20.8.2.3 
Television stations, local............. 6... e eee e eee eee eee 11.6.14 Thermal properties, selected materials ................ Table 3.2.1 
Televisions ¢ & $605 b4.9.66. 684. elec a lg ba Table 3.4, 21.6.14 Thermite... 2... ooo ccc cece ccc cee eeenus 19.2.4, A.19.2.4 
Temperature switches. ..... 2.2.0.0... eee ee eee eee 21.5.3.2.2 Thermocouples ............. 0.00 e cece eee eee ene e nes 21.5.9 
Temperature(s) Thermo piles 2.9 icy i bia Gece ee Ped Ea EES Ga HG EA ed A 21.5.9 
Absolute. ... 66. B23 Thermoplastics.... 2.0.2.0... 0.0 c cece eee eee ees 4.17.7.2 
Definition: » <c...265 sn gauees Sara es 1.3.118.1, A.1.3.118.1 DGfinitions 6.50.44 2206 kbd Gare hea eee Meads 1.3.122 
Ambient.............00-00 00202 +++ 3.3, 3.3.2, 6.2.11, 23.3.7.2 Melting: Of sisi. 4. 05 ayes Rains Mkts He BOAR h were genres 4.8 
DNECS 18d loc strane Riyocelnrehs ap ect ahd cay eh Nags ae aos nd che dweaep ay Sia a 6.9.4 Thermoset plastics 
Autoignition DefNON 4s. nal dl aa os Seal eal Sa ys SNE ee oes 1.3.123 
Ofchemicals24.. o¢ suv sedal iw wb Seale aod 14.10.2.11 PSMIM ON OF ts, sadn hs wa wee sora Gah hath eee Ra Sank ee OL 
Definition swe Sak tl SANE BNR EY, 1.3.118.2 Thermostats si 3.200. f9.a ested pig Bw Gis en, aw eee Ca tg sn Fa ees 6.8.3 
OP WOO sks cdectccs seuieh teste otn ee oecarne E, Ota tes Gide gatas Se FB Thick and thin materials ................ 0.0.0 .00-000-0-2- 3.3.1 
DVGMNNUMON sac.eah cas smartanmungeesteuel sebies 1.3.118, A.1.3.118 Tiibeshtl ds ces antes Shieh ha Seah Raa alee pees AAO LA 
Determinations. 2 ss0. 4.5.0) cece Rand gchies Udnel edi ted wnat aed wadie sAoe 4.8.1 AMOS 8 ia 305 8 aa a HP ie NaNO Aa GN A NOMA 
7 fat Rimes Of THCAMENE 9 06555 os. dso es ie oe Gin es Bs arene, SURMae el aon shele’ Wake 12.2.2 
Eitective fire (detinitiony) ..4 4 24 dex 25 ace dace Brees 1.3.118.3 ete cnc ha Wt het oa RN a 19.4.1.2, 19.4.7 
PARE 68 ig Coin d Mo wandee seed gard aCe Wd Ha amas eG aae mae ete 4.8.1 i , 
Time line 
Fire victim, internal body temperature of................ 20.6.6 DS ot Ses sed oh toe Pass tense eee todd ea bltee ere ace 17.2, 18.17.1 
Heatand .... see eee ee  2 Definitions sh 6 esas bed ie as Gd Seal GAY as gd Ge GE 1.3.124 
Ignition .... 1. eee eee eee eee BS Time of burning... 2 .cc6ic eee eee epee ns Ot ae ee nd das 4.11 
Burilding:materials ven... aang ake vie te adios a adie ses De Dsoul Time of incident 
Definition «neces eb S03 a Raa 1.3.118.4, A.1.3.118.4 Fat tinine 3 aie hn lees Reb etohemaloleoes bot Medes hincatolew Bonitheee 17.2 
DUSt8+o.Ssic 2S eoa dk Mas ards, Seca Be 8 aoembre seeped and wae dee eye 18.9.5 Soft time (estimated or relative)........0..0.0. 000 eee eee eee 17.2 
FUG Cases ieee Se Po Sa ha is i oe Sacae eg ae elas 7.1.1.2 Time to flashover.........0... 000000 e eee eee eee eee eee) 3.5.3.2 
Liquids: teste Che Red et ae Sok Na eet Mia wa eG a OIOee Time to ignite... 2.0.6.6 eee Table 3.3.1 
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Timeé-delay LOSES: 3 scious. see Sas Paes OA RO Ree Se BARS 6.6.1.3 
Timers 
AP PUAN CE? ole e tiers tesonaboceenrnt aa a a nibe auton oe Sica Malia Sythe 21.5.9 
Incendiary: device se. in. ohn toe ose Bin gis Sen See ean nes OS 19.2.7.2 
PAIN soe cede fama to a coecbaen bs Re Ma M Dcaep lad ae My Maan Petce SBA Sv eae ond Table 4.8 
FDU AMMTUIN 3s is fe eep 6. Fi so Sune as HO 6 Ba igbue eo Sign Spas aes artes ange d wiSterges 18.9 
Tithe companies: 4.35 4/5 0.506 le, 14 85 wie Rts ln PAU OA Bod AE 11.6.8 
NOaSteTS =. 23.545.o0hah Gy PES BA eS HS a RRA Ak 21.6.3 
TOUS 2568s isak oe hee 4 Hos dctle v ot cad AGEs oles AA ale toe 7.8(g), A.7.8 
TOMO 5.525. Aas FAVA CNS GLa IS SRLS SAME ASAT Table 3.3.4 
MOONS 65:2 hceiish as Peceeg 6 oes 8 halo 58 Ando Ck heck ree ns 10.3.4, 12.4.1 
Topography, effect on wildland fires of ................... 23.3.6 
Total biwrns’ 05 c2.0 8 2 Sg dha saad te Sa aotte wees wea TO 15.9 
TOXIC BaSOS ! e650 sss ahi IGS Merah ok I otal le tse ee 8.3.4.3, 10.2.7, 24.12 
Toxic products, exposure of victims to............ 20.3.2 to 20.3.3, 
20.5, 20.7.3.1.1, A.20.5.1 
Toxicity, of building materials...........................5.2.3.5 
Trade organizations ............. 00... ccc ee 11.6.13 
MY Airs 32a eee kg r ade tars Gass Gets Gee 4.18.1 to 4.18.2, 14.3.4, 19.2.2 
Transformers...................5. 6.3.4, 21.5.2.2, 21.5.5, 23.7.3.1 
Transmission, vehicle ...............0 000 c cece eee eee 22.5.5 
Transportation, state department of..................... 11.5.3.6 
Transportation Department, U.S. ....................64. 11.5.4.9 
Transportation of evidence ................ 000. c eee eee 14.8 
Mrashy 220) 304-2u Reseed ide bat Salk Slade teal cages Table 3.4, 15.6.1 
rash bags. 9.3:5:5 06 4s. grt. Httice Sanit ane Sa cee bees tbe Table 3.4 
Treasurers, government................ 11.5.1.3, 11.5.2.4, 11.5.3.2 
Treasury Department, U.S. ............. 0.00.0. e ee eee 11.5.4.10 
TEGS! 2:4. of tyre sph eeCoad 22.2.3, 23.2.2.5 to 23.2.2.7, 23.3.5, 23.4.4.2, 
23.4.5, 23.7.3.1, 23.9.1 
Truncated cone patterns.....................45 see Cone patterns 
Truncated plume... 1... 6.6... eee 4.2.1 
Durbines)? eo sek Ba hey SAY ESA SESS 22.5.1.5 
Turbochargers }..9)56.0.24.9 $345 .4944 48446 3 $5404 2 22.5.1.5 
Turbulence ........... 4.3.2, 18.8.2.3 to 18.8.2.4, 18.9.3, A.18.8.2.4 
Type S TUSes 32h ¢ eaciesunow the Siaen Sao SARS Mat wtee gees 6.6.1.2 
-U- 
Unconfined fires. .... 0.0.0... eee eee BBQ 
Underground migration of fuel gases......... 18.8.3, Table 18.13.2 
Understanding between parties.................0 6.0000 e eee 24.2 
Underwriters Laboratories Inc. (UL) .................... 14.10.4 
Undetermined fire cause............. 16.2.4 to 16.2.5, 16.6.3, 16.7 
Ungrounded conductors ............ 6.3.2.1, 6.5, 6.7, 6.9.5, 6.10.2, 
6.11.8, A.6.10.2 
Uninhibited chemical chain reaction......................3.1.1.4 
United States government agencies................. 11.2.1, 11.5.4 
Unknown fire cause ... 2.66.66. eee 2.3.6 
Upholstered furniture 
Flamevheighty ¢ ject Sie eee thee lee eh ee BN 2 8 8b 
TOStinG's doce hace doe aeawe Baked hols ag 14.10.2.14 to 14.10.2.15 
Upper explosive limit (UEL)..................... 18.8.2.1, 18.8.4 
Upper gas layers... 1.0.0.0... 00.0. e eee eee S see Ceiling layers 
Upper layer 2°. seeker o cet ice a ace inne ia, baa a see Ceiling layer 
“U”-shaped fire patterns ........ 4.2.1, 4.9, 4.17.4 to 4.17.5, 4.17.10 
Utilities 
Explosion damage to .... 6.6... eee eee 18.4.4 
Origin determination and.................. 15.4, 15.5.2, 15.6.2 
Photosraphss scpisa Asse a A Sea 13.2.5.7, 15.6.2 
Providers as information source ....... 06.00.00 eee eee 11.6.12 
Status Obi is coe Pte des BR aed Biel was PAO ES Cae CR a EA 10.2.3 
As wildland fire ignition source. ............00.0 000 e eee 23.7.3 
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Valves, fuel gas systems. ...........0....00 000 eee eee 7.5.3, 7.6.5 
Van daliisinn si 3232 oe bee iets dee ee Hs deg s 19.4.8.2.1 
Vapor cloud explosions. ..............0 6.00 c eee eens 18.11 
Vapor density ............ 0... cece eee eee eee 18.8.2.2, A.18.8.2.2 
DGhintOn se erate Berk Paros Na tesa ae ada tis 1.3.126.1 
Vapor explosions .....................5 see Gas/vapor explosions 
Vaporizers iiss abe ed ee eigen s eu clonal ireland 7.4.4 
VAPOTS3 29.251 Gs the. sk oh ste Ribs MesaLean aaee AM as 4.19.2; see also Gas 
Appliance installation in areas of flammable vapors... . . . .7.7.1.3, 
A.7.7.1.3 
COMMA 9 aoe sss wens aici teeta oy Ria oo ae ee tae aa eae Bie 18.6.3 
DCH ON Meo oss see ie te OES hey eae NT EOE tee ood 1.3.126 
Ignitable, at fire scene............. 0.0. eee 10.2.7 
Tei OI OF ost one Ke NGA OEE Aa Te Oty es eho Oars 16.3 
Initial fuel see ibichtit Be yeh Stee hata Rae hale doa ete 16.4 
Varnish blistering. ...... 20.0.0... eee Fig. 4.19.2 
VGRS 25 onsen ths oak had hog neo ote e RO eee ay eles 21.6.14 
Vector (definition) .........0.0.0.0.00 000 ccc ce eens 1.3.127 
Vector diagrams .............. 6.0 cece ene 15.2.3, A.15.2.3 
Nehicle fies * Seo). disiisie dP sp ioed pps ctyoducbin pete dna see Motor vehicle fires 
Vehicle identification number (VIN) ................0.0005 22.7.1 
Vent (definition)... ......... 0.0.00 cece eee 1.3.128 
Ventilation! 2 3 eecin.. we areeig tie tinis yale eberanng a satieyiel a madeea hom 17.6.3 
Barmerst0-h eu tee soe he choc tee hos oa Seek ee EBs Sa eek OAS: 
Building design and ............... 0... 52.2 
Burning rate, effecton ........ 6.06. e eee eee 4.5.3.2(c) 
Definitions: 37, 3, cow as Age an in Bae sah 1.3.129 
Effect On ATE:Of 2G Eee REL ac Mee lee Bibel eaas theta has 1.5:5:5 
Occupancy type, effect of... 0.6.0... eee ee B24 
OPeniN 85. d Boeke ne Noe ee aeRE CES VEG Lee OAL TOOL 
Pattern magnitude and location, effectson ................ B.3 
Patterns generated by.......... 0.0.00 e ee eee 4.2.2, A.4.2.2.1 
Self-ignition and self-heating ...........................3.3.5 
SYSTEM esc anes. sueccsl sons Se Shaws hos arakop sone aaonee toto asks Gohed oe nate Ae 24.12 
Ventilation-controlled fire ............ 00.0.0 .0 000-0 5 see Fire 
Venting ............3.1.1.2, 7.7.2, 18.4.1.3 to 18.4.1.4, 18.5, 18.8.2.6 
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